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COHPOUKDS AUD METHODS 
FOR IOTIBISING GEKE EXPRESSION 

Cross R W f»rOTee *e P T ] m a > B r,H |7 . ti ,^ 

This application is a continuation-in-part of 
application U.S. Serial No. 07/562,180, filed August 3 
1990; application U.S. Serial No. 07/582,287, filed 
September 13, i9 90i application U.S. Serial No. 
07/582,456, filed September 13, 1990; and application P.s 
Serial Ho. 07/582,457, filed September 13, lg 90 . 
Technical ri^a 

The present invention relates to compounds, 
compositions and methods for inhibiting gene expression. 
The compound* of this invention comprise 1) 
oligoiracleoside sequences of from about 6 to about 200 
bases having a three atom internueleoside linkage or 2) 
oligonucleotide sequences of from about 9 to about 200 
bases having a diol at either or both termini. 

20 Eaelcqrou na off t Ba Invents a* 

An antisense compound is a compound that binds 
to or hybridizes with a nucleotide sequence in a nucleic 
acid, una or Una, to inhibit the function or synthesis 
of said nucleic acid. Because of their ability to 
25 hybridize with both RNA and DNA, antisense compounds can 

interfere with gene expression at the level of 
transcription, SKA processing or translation. 

Antisense molecules can be designed and 
synthesized to prevent the transcription of specific 
genes to &RNA by hybridizing with genomic una and 
directly or indirectly inhibiting the action of RNA 
polymerase. An advantage of targeting UNA is that only 
small amounts of antisense compounds are needed to 
achieve a therapeutic effect. Alternatively, antisense 
35 compounds can be designed and synthesized to hybridize 

with UNA to inhibit post-transcriptional modification 
(KKA processing) or protein synthesis (translation) 



30 
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mechanisms. Exemplary target ENAs are messenger una 
(mRNA) , transfer RNA (tRNA) , ribosoaal ENA (rRNA) and 
the like* Examples of processing and translation 
mechanisms include splicing of pre-mEUA to remove 
5 introns, capping of the 5* terminus of mRNA, 

hybridization arrest and nuclease mediated mRNA 
hydrolysis* 

At the present time, however r the development 
of practical scientific and therapeutic applications of 

10 antisense technologies is hampered by a number of 

technical problems. Klausner, A. , Biotechnology . 8:303- 
304 (1990) , Synthetic antisense molecules are 
susceptible to rapid degradation by nucleases that exist 
in target cells. !The oligonucleoside sequences of 

15 antisense DNA or RNA, for example, are destroyed by 

exonucleases acting at either the 5 J or 3 - terminus of 
the nucleic acid. Xn addition, endonucleases can cleave 
the DNA or RNA at internal phosphodiester linkages 
between individual nucleosides. As a result of such 

20 cleavage, the effective half-life of administered 

antisense compounds is very short, necessitating the use 
of large, frequently administered, dosages. 

Another problem is the extremely high cost of 
producing antisense DNA or HNA using available 

25 semiautomatic DNA synthesisers, it has recently been 

estimated that the cost of producing one gram of 
antisense DNA is about $100,000- Armstrong, L*# 
Business Week . Narch 5, 1990 r page 89. 

A further problem relates to the delivery of 

30 antisense agents to desired targets within the body and 

cell. Antisense agents targeted to genomic DNA must 
gain access to the nucleus (i.e. the agents must 
permeate the plasma and nuclear membrane) . The need for 
increased membrane permeability (increased 

35 hydrophobicity) must be balanced r however, against the 
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need for aqueous «ltMlity (increased hydrophilicity) 
in body fi uld compartments such as the plasma and cell 
cytosol. 

A still further problem relates to the 
stability of antisense agents whether free within the 
body or hybridized to target nucleic acids. 
Oligonucleotide sequences such as antisense DNA are 
susceptible to steric reconfiguration around chirai 
phosphorous centers. 

Gene targeting via antisense agents is the 
inevitable next step in human therapeutics. Armstrong, 
SHEEa at SS. The successful application of antisenee ' 
technology to the treatment of disease however, requires 
finding solutions to the problems set forth above. 

One approach to preparing antisense compounds 
that are stable, nuclease resistant, inexpensive to 
produce and which can be delivered to and hybridise with 
nucleic aeid targets throughout the body is to 
synthesize oligor:.:cleoside sequences with modifications 
in the normal phosphate-sugar backbone structure. 

In general, two types of oligonucleoside 
sequences, with modified backbones have been reported. 
The first type includes modifications to the normal 
internucleoside phosphodiester linkage. The second type 
includes replacement of the phosphodiester linkage with 
non-phosphate internucleoside linkages. Chlmann, E. and 
Peyman, A., Chemical p*?^*, 9(4): 544-584 (1990). 

Modified phosphodiester linkages that have 
been reported to date are phosphorothioatea, 
30 alkylphosphotriesters, methylphosphonates and 

al? • Iphosphoramidates. 

Phosphorothioate modified phosphodiester 
linkages refer to phosphodiester bonds in which one or 
more of the bridging oxygen atoms is replaced by sulfur. 
35 such linkages, however, are not suitable for use in 



20 
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antisense compounds. The retention of the chiral 
phosphorus center results in steric variation of 
monothioates. Further, both mono- ana ditbioates lack 
sequence specific hybridization and both are rapidly 
5 cleared from the plasma. . The high affinity of 

phosphorothioates for glass and plastic also makes 
synthesis of these compounds difficult and inefficient. 

Methyl- and ethylphosphotriestere have been 
prepared by reacting phosphodiester linked 
10 oligonucleotides with anhydrous methanol or ethanol. 

Miller, P.S. et al., J. Am, chem, Soc. . 93 : 6657— 
6665(1071). 

The tries ter linkage in 
oligodeoxyribonucleotide ethylphosphotriesters is stable 
15 -under normal physiological P H conditions, although it 

can be hydrolyzed by strong acid or base, 
Methylphosphotriesters are less stable than ethyl- and 
other alkylphosphotriesters at neutral pH, owing to the 
possibility of nucleophilic displacement of the triester 
20 methyl group by solvent. Oligodeoxyribonucleotide 

ethylphosphotriesters appear to be completely resistant 
to hydrolysis by exonucleases and are not hydrolyzed by 
nucleases or esterases found in fetal bovine serum or 
human blood Eeruuu Uhlmann, smira , 
25 The methylphosphonates have several 

significant shortcomings in terms of therapeutic 
potential which include poor water solubility, chiral 
phosphorous centers, inability to control high yield 
stereoselective synthesis , rapid plasma clearance and 
30 urinary excretion. 

Oligodeoxyribonueleoside phosphoramidates have 
internucleosxde bonds containing nitrogen-phosphorus 
bonds* these nucleic acid analogs can be prepared from 
phosphoramadite intermediates or by oxidation of 
3S H-phosphonate intermediates in the presence of a primary 
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10 



15 



or secondary amine. Preparation of the H-phosphonate 
analogs and the oxidation reaction can be readily 
carried out in a commercial DNA synthesizer. 

A variety of non-ionic oligonucleoside 
sequences containing non T phosphate intemucleoside 
linkages such as carbonate, acetate, carbamate and 
dialkyl- or diarylsilyi- derivatives have been 
synthesized and reported. 

Although the carbonate linkage is resistant to 
hydrolysis by acid, it is rather easily cleaved with 
base, and thus special precautions are required for 
removal of the protecting groups at the end of the 
synthesis. While stable duplexes have been observed 
between poly (da) analogs containing carboxymethyl 
intemucleotide linkages and poly (tj) analogs, other 
bases have not been studied. Thus, it is not known 
whether the fidelity of duplex formation with other 
bases will be perturbed by the carbonate linkage. 

Intemucleoside carbamates are reported to be 
more water soluble than other internucleoside bridges. 
The utility of carbamate linkages is limited, however, 
since thymine carbamates do not form hybrids with 
complementary DMA, while cytosine carbamates do not 
hybridize to guanine oligomers. 
25 carbamate linkage, like the carbonate 

linkage, is stable under physiological conditions. 
Unlike the carbonates, however, the carbamate linkage is 
stable to hydrolysis by bases, a property which 
simplifies the synthesis of oligomers containing this 
30 linkage. The carbamate linkage is resistant to nuclease 

hydrolysis. 

Like the carbonate and acetate linkages, the 
carbamate linkage does not resemble the shape of the 
phosphodiester intemucleotide bond. However, molecular 
35 models suggest that the linkage should allow the 



20 



PAGE 251109 * RCVD AT 8111/2004 11:56:21 AM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3* DNIS:8729306 ' C SI D :+2 1 5 568 3439 " DURATION (mm-ss):25-34 



Aug-11-04 12:02pm Froia- Woodcock, Washburn +21.55683439 T-183 P. 026/1 09 F-335 



- 6 - 

oligomer to assume conformations which would allow it to 
form hydrogen-bonded complexes with complementary 
nucleic acids. There are conflicting reports on the 
stability of duplexes formed by carbamate oligomers and 
5 complementary nucleic acids. & carbaraate-linked 

oligomer containing six thymidine units does not form 
complexes with either A(pA) 5 or dA(pA) 5 . on the other 
hand, a carbama te-1 inked oligomer containing six 
deoxyeytosine units forms stable complexes with d~(pG) £ 

10 and poly(dG). 

The interoueieoside linkage of diaikyl- or 
diphenylsilyl oligomer analogs closely resembles the 
tetrahedral geometry of the normal phosphodiester 
internucleotide bond. The oligomers are prepared in 

15 solution by reacting a suitably protected nucleoside* 

3 '-O-dialkyl- or diphenylsilyl chloride or 
trifluororaethanesulphonyl derivative with a 3 1 -protected 
nucleoside in anhydrous pyridine* The former can be 
prepared by reaction of S'-O-trityl nucleoside with 

20 diaikyi- or diphenyldichlorosilane or with the 

bis (trif luoromethanesulphonyl) diisopropylsilane . 

Because the diaikyi- and diphenylsilyl 
linkages are sensitive to hydrolysis by acid, care must 
be taken in choosing protecting groups for the 

25 synthesis- Nucleoside dimers and hexamers having 

siloxane internucleoside linkages and a method of 
synthesizing such polymers have been reported by Ogilvie 
and Cormier- Sea, e.g. ■ Ogilvie, K.K* and Cormier, J.F., 
Tetrahedron Letters . 26(35) :4159-4162 (1985); Cormier 

30 J.F- and Ogilvie r K.K. , Nucleic, Acids Research . 

16(10) : 4583-4594 (198S) . 

Although the carbonate, carbamate and silyl 
linked oligonucleoside sequences have, the requisite 
nuclease resistance to make them attractive candidates 

35 as antisense reagents, their ability to function in this 
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capacity has not yet been reported. Further, the 
ability of these oligomers to be taken up by cells in 
culture has not been reported. A potential drawback 
with these oligomers is their reported low solubility in 
5 aqueous solution, it is not clear whether sufficient 

concentrations can be obtained for their effective use 
in biological experiments, although solubility could 
presumably be increased by introduction of hydrophilie 
groups into the molecules . 

10 Tne present invention provides oligonucleotide 

analog compounds, compositions comprising such 
compounds, intermediates for preparing such compounds 
and methods for synthesizing such novel stable, nuclease 
resistant, target specific, lipid soluble 

is oligonucleotide analogs. 

Plfflimitrv nf tha Tm^^a 

The present invention provides nucleotide 
analog compounds comprising oligonucleoside sequences of 
20 from about 6 to about 200 bases having a three atom 

intemucleoside linkage. The three atom intemueleosiae 
linkage of such oligonucleoside sequences has the 
formula: 

-D-D-D- 

25 where eaoh 0 is independently CHR, oxygen or NR*, 

wherein R is independently hydrogen, oh, sh or NBj, R 6 
is hydrogen or c,-^ alkyl, with the proviso that only 
one D is oxygen or NR*. 

In a preferred embodiment, the oligonucleoside 

30 sequences comprise bases selected from the group 

consisting of adenine, cytosine, guanine, uracil, 
thymine and modifications thereof. 
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More particularly, compounds of the present 
invention comprise oligonucleoside sequences of Formula 
I: 



10 



15 




20 



25 



30 



35 



where w is -d~D-d- wherein each D is independently CHR, 

oxygen or NR*, wherein R is independently hydrogen, OH, 

SH or NH Z , R 6 is hydrogen or Cj-Cj alkyl with the proviso 

that only one D is oaiygen or NR tf ; 

each W f is independently or 

o 

II 

-o-p-0-; 

*• 

each R 1 is independently OH, SH, NR^ 5 wherein R 2 and ft 3 
are independently hydrogen or C A -C$ alkyl or NHR 4 wherein 
R 4 is Ci-Cn acyl; 
each y is independently K or OH; 

each B is independently adenine, cytosine, guanine, 

thymine, uracil or a modification thereof; 

j is an integer from 1 to about 200; 

K Is O or an integer from 1 to about 197; and 
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q is o or an integer from X to about 197, with the 
proviso that the sum of j + fc + q is from about 4 to 
about 200. 

The compounds of the present invention 
S comprise oligonucleotide or oligonucleoside sequences 

optionally having a diol at either or both teroini. 

Preferred diols are 1,2-diols (glycols). 
Representative glycols are polyalky leneglycols , 
preferably polyethyleneglycols or polypropyleneglycols. 
10 Preferred glycols are tetraethyleneglycol and 

hexaethyleneglycol- Suitable diols may also include 
poiyols that have all but two bydroxyls blocXed. 

Where the compounds of the present invention 
are oligonucleoside sequences having a diol at either or 
15 both termini, the compounds of the present invention 

have Formula II: 




II 



2 
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where each z is independently R* or 

0 o 

1 II 

*- ([(CHJpPJi -p- o) e ([(CH) p -o] B -P-.o) r r 
R s o ir cr 



where each r 1 is independently qh, SH f hhr 2 * 3 wherein r 2 
10 and R 3 are independently hydrogen, or C 2 -C 6 alkyl, or 

nhr 4 wherein R 4 is Ci-C, 2 acyl; 

each R 5 is independently hydrogen or Ci~C I2 alkyl; 

each of w, W», Y, B, j r k, and q is as defined above; 

each e and f is independently 0 to 50 with the proviso 
15 that at least one of e and f be at least 1; 

each m and n is independently 1 to 200? and 

each p is independently 2 to 4. 

In a preferred embodiment, the sum of j + k + 

q is from about 9 to about 50 bases r more preferably 
20 from about 12 to about 25 and most preferably from about 

15 to about is. In this embodiment, compounds of this 

invention comprise oligonucleotides of the formula: 

0 O 0 

II " 11 ■ s 

25 ([(CIDpOJ* -P- 0) # ([(CH) p 0J. 0) f [Oligo (N) ] (O -P- 

R 1 0* R 1 0 e i* 

o 

30 « 

[(CH) p O]„) e (0 -P- [0(CH) p ] lD ) r -R; 

35 where R is OH, SH, KR^R 3 wherein R 2 and R* are 

independently hydrogen or Cj-q^ alkyl, or NHR 4 wherein R 4 
is C x -Cj 2 acyl ; 

R 1 is hydrogen or Ci~C n alkyl; 

oligo (N) is a native or modified oligonucleotide 
40 sequence of from about 9 to about 200 bases; 

each e and f is independently 0 to 50 a with the proviso 
that at least one of e and f be at least 1; 
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each m and n is independently 1 to 200; and 
each p is independently 2 to 4. 

In a preferred embodiment, the oligonucleotide 
contains, in a homcpolymer or heteropolymer sequence, 
i> any combination of dA, dC, dG, s. 

Where the glycol is polyethyleneglycol, the 
compounds of this embodiment comprise oligonucleotides 
of the formula; 

? f 

R- KC^CI^O). -B- OJ.foligoCNmO -P- (Ot^CU^], -R- 



o 

where R is OH, sh, nr*r 3 wherein R 2 and R 3 are 
independently hydrogen or c,-C 6 alkyl, or NHR* wherein R* 
is C r C 12 acyl; 

oligo N i* an oligonucleotide sequence of from about 9 
to about 50 bases; 

e and f are independently 0 to 50 , with the proviso that 
at least one of e and f be at least 1; 

a and n are independently o to 200 with the proviso that 
at least one of a and n be 1 to 200. 

The oligonucleotides of the present invention 
can include known intemucieoside linking groups such as 
Phosphodiester, eilyl and other well known linking 
groups providing they contain an effective amount of the 
-D-D-D- linking groups of the present invention and/or 
diol terminating groups of the present invention. 
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The present invention is also directed to 
nucleoside dimers of the formula: 



5 



10 




20 

where W is hD-D-D- wherein each D is independently CHR, 
oxygen or HR 6 wherein R is independently hydrogen, OH, 
SH or KH 2f R 6 is hydrogen or C^Cz alkyl, with the 

25 proviso that only one d is oxygen or NR 6 ; 

each B is independently adenine , cytosine, guanine, 
thymine, uracil or a modification thereof; 
R 7 is OH, t-butyldimethylsilyloxy or a phosphor ami dite 
and R s is OH, a protecting group or t- 

3 0 butyldimethylsilyloxy . 

The present invention further provides a 
method of inhibiting nuclease degradation of compounds 
comprising oligonucleoside sequences. This method 
comprises attaching a diol to either the 5 1 , the 3 ■ 

35 terminus or tooth termini of said compound. The diols are 
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attached to the S f and/or the 3 1 terminus by reacting 
the oligonucleotide compounds with an 
alkoxytrityldiolcyanophosphine, preferably a 
dimethoxytritylglycolcyanophosphine or a 
5 monomethoxytritylglycolcyanophosphine - 

The present invention further provides a 
method of inhibiting nuclease degradation of native or 
modified nucleotide compounds comprising preparing 
oligonucleoside sequences of from about 6 to about 200 

10 bases having a three atom intemucleoside linkage having 

the formula -D-D-D- as defined herein* 

The present invention also provides 
compositions useful in inhibiting gene expression 
comprising compounds comprising oligonucleoside 

15 sequences of from about 6 to about 200 bases having a 

three atom intemucleoside linkage as defined herein and 
a physiologically acceptable carrier. The compound may 
have a did at either or both termini- preferred diols 
are polyethyleneglycols. 

20 Kie present invention further provides a 

method of inhibiting gene expression comprising 
administering to a mammal in need of such treatment an 
effective amount of a compound comprising an 
oligonucleoside sequence from about 6 to about 200 bases 

25 having a three atom intemucleoside linkage as defined 

herein. The compounds may have a diol at either or both 
termini- Preferred diols are polyethelyeneglycols. 

Brief Description of the Drawings 
30 Figure la depicts a synthetic pathway for 

preparing a nucleoside aldehyde (Compound I) . 

Figure lb depicts a synthetic pathway for 
preparing a phosphonium iodide nucleoside (Compound II) * 
Figure 2 depicts a synthetic pathway for 
35 preparing nucleoside dimers connected by a 3 carbon 
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internucleoside linkage utilizing the aldehyde 
nucleoside and the phosphonium iodide nucleoside of 
Figures la and lb respectively. 

Figure 3 depicts a synthetic pathway for 
5 preparing a thymidine dimer utilising a thymidine 

aldehyde and a phosphonium iodide thymidine (Compounds X 
and II respectively) . 

Figure 4 depicts a synthetic pathway for 
preparing a nucleoside dimer connected by a two carbon- 
ic one nitrogen atom internucleoside linkage of the form 
3 ■ -c-C-N-5 1 . Earners are synthesized by reacting 
nucleosides that contain aldehydes (Clio) with 
nucleosides that contain amine functionalities (NH^) 
under reductive conditions* 
15 Figure 5 depicts a synthetic pathway for 

preparing a nucleoside dimer connected by a two carbon- 
one nitrogen atom internucleoside linkage of the form 
3 1 -n-C-c-5 » , Bimers are synthesized by reacting 
nucleosides having aldehyde and amine functionalities 
20 under reductive conditions. 

Figure' 6 depicts a synthetic pathway for 
preparing a thymidine dimer connected by a two cartoon- 
one nitrogen atom internucleoside linkage of the form 
3 f -C-C-N-5 f - Dimers are synthesized by reacting 
25 thymidines that contain aldehydes (CHO) with thymidines 

that contain amine functionalities (NH 2 ) under reductive 
conditions* 

Figure 7 depicts a synthetic pathway for 
preparing a thymidine dimer connected by a two carbon- 
30 one nitrogen atom internucleoside linkage of the form 

3»-N-C-C-5 ? . Dimers are synthesized by reacting 
thymidines having aldehyde and amine functionalities 
under reductive conditions- 
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Detailed Description of the Twi n ^ ?B 

The compounds Of the present invention are 
generally oligonucleotide Of oligonucleotide seguences 
that are resistant to nuclease degradation. 
5 As used herein , "nucleoside" refers to a 

combination of a purine or pyrimidine base with a five- 
carbon sugar (pentose) • 

As used herein, "nucleotide* 1 refers to a 
phosphoric acid ester of a nucleoside. 
10 As used herein , "oligonucleotide" refers to 

polynucleotides having only phosphodiester 
intemucleoside linkages, e.g. «native H OKA or RNA. 

Exemplary nucleosides axe adenosine (A) , 
guanosine (G) , cytidine(C), uridine (U) , deoxyadenosine 
15 (dA), deoxyguanosine(dG) , deoxycytidine(dC) and 

thymidine (T) w 

The compounds of the present invention 
comprise oligonucleoside seguences of from about 6 to 
about 200 bases having a phosphodiester or a three atom 
20 intemucleoside linkage. The three atom intemucleoside 

linkage (-D-D-D-) contains 1) three carbon atoms, 2) two 
carbon atoms and one oxygen atom or 3) two carbon atoms 
and one nitrogen atom. 

The oligonucleoside seguences are seguences of 
25 native or modified nucleosides. As used herein, the 

phrase "intemucleoside linfcage" refers to atoms and 
molecules forming a bridge between the sugar moiety 
carbon atom at position 3 of one native or modified 
nucleoside and the sugar moiety carbon atom at position 
30 5 of an adjacent such nucleoside. The sugar moiety may 

be either a ribose or a deoxyribose moiety or an analog 
thereof* Thus, the nucleosides include A, c, G f u, dA, 
dC, dC, T or modifications thereof as for example 5- 
bromo or 5-iodouracil, 5-methyl cytosine, isocytosine 
35 (2*amino-4-oxopyrimidine) , isoguanine (2-oxo-6- 
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aminopurine), inosine (6-oxopurine) f 5-vinyluracil and 

5-vinylcytosine. 

The three atom intemucleoside linkage has the 

formula: 

-D-D-D- 

vhere each D is independently CHR, oxygen or NR , 
wherein R is independently hydrogen, OH, SH or NH 2 , 
oxygen, R 6 is hydrogen or alkyl, with the proviso 

that only one D is oxygen or MR . 

The compounds of the present invention 
comprise oligonucleoside sequences of Fonoula I. 



15 



20 



25 




30 



35 



where « is -d-d-d- D is -^"f^J 

Ixygen or *b\ «he«in R is independently hydrogen, OH, 
SH or NH>, R 6 is hydrogen or allcyl^with the 
proviso that only one D is oxygen or NR > 
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each w f is independently w or o 

II 

-0-P-O-; 

each R 1 is independently OH, SH, KR^R 3 wherein R 2 and JR 3 

are independently hydrogen or C^C* alkyl or NHR 4 vherein 

R 4 is c a -c l2 acyl; 

each y is independently H or OH; 
10 each B is independently adenine, cytosine, guanine, 

thymine, uracil or a modification thereof; 

j is an integer from l to about 200? 

k is 0 or an integer from 1 to about 197; and 

q is o or an integer from l to about 197 , with the 
15 proviso that the sum of j + k + g is from about 4 to 

about 200. 

In a preferred embodiment r the sum of j + k + 
q is from about 9 to about 50. In a more preferred 
embodiment, the sum of j + k + q is from about 12 to 

20 about 25 and, more preferably from about 15 to about IB. 

The compounds of the present invention may 
have a diol at either or both termini- Preferred diols 
are glycols, also known as 1,2-diols, which contain two 
hydroxyl groups on adjacent carbons. Preferred glycols 

25 are polyalkyleneglycols. The term "alkylene" as used 

herein refers to linear and branched chain radicals 
having 2 to 4 carbon atoms which may be optionally 
substituted as herein defined • Representative of such 
radicals are ethylene, propylene, isobutylene, and the 

30 like* Preferred polyalkyleneglycols are 

polyethyleneglyeols such as heieaethyleneglycol and 
tetraethyleneglyool- suitable diols may also include 
polyols that have all but two hydroxyl s blocked. 

_ The diols are attached to either the 5 1 , the 

35 3 1 or both termini of the oligonucleosides via 

phosphodiester linkages, in one embodiment, the diols 
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are attached to only one terminus of an oligonucleoside 
sequence* 

The terminal diol is linked to a moiety 
selected from the group consisting of hydroxyl (OH) , 
sulfhydryl (SK) , amino (NH 2 ) , alkylamino (Nff-alkyl), 
dialkylamino (N[al)cyl] 2 ) and amido (NHJacyl]) . 

Where glycols are present at either or both 
termini, the compounds of the present invention comprise 
oligonucleoside sequences of Formula II: 



10 



15 



20 



l_w— Zt 



ft 

— ) 



v/ 



25 



30 



35 



where each Z is independently R 1 or 

o o 

II II 
R 1 - (L(CH) p O] m -P- 0) e ([(cH) P -o] n -P-o) r ; 



ie 



ii 
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where each R 1 is independently OH f SH, NHR^ 3 wherein R 2 
and R are independently hydrogen or Cj-c^ alkyl, or KHR 4 
wherein R 4 is Cj-C I2 aeyl; 

each R 5 is independently hydrogen or C t -C l2 alkyl; 
each of W, W T , Y, B, j, k, and g is as defined above; 
each e and f is independently 0 to 50, with the proviso 
that at least one of £ and f be at least 1; 
each m and n is independently 1 to 200; and 
each p is independently 2 to 4. 

In a preferred embodiment, m and n are 
independently 1 to 6 and the sum of j + k + q is from 
about 9 to about 50* In a more preferred embodiment, 
the sum of j + Jc + q is from about 12 to 25, more 
preferably from about 15 to about' 18. 
15 In another preferred embodiment, the compounds 

of the present invention comprise oligonucleotide 
sequences of from about 9 to about 200 bases having a 
diol at either or both termini* In yet another 
preferred embodiment, the compounds of the present 
20 invention comprise oligonucleotide sequences of from 

about 9 to about 200 bases having a (-D-D-D-) linkage of 
the present invention. 

Preferred diols are glycols, also known as 
1,2-diols, which contain two hydroxyl groups on adjacent 
25 carbons. Preferred glycols are polyalkyleneglycols , 

The term "alkyl ene" as used herein refers to linear and 
branched chain radicals having 2 to 4 carbon atoms which 
may be optionally substituted as herein defined. 
Representative of such radicals are ethylene, propylene, 
30 butylene and the like. t Preferred polyalkyleneglycols 

are polyethyleneglycols . More preferred are 
tetraethyleneglycol and hexaethyleneglycol . 

The diols are attached to either the 5 ' , the 
3 1 or both termini of the oligonucleotides via 
35 phosphodiester linkages. In one embodiment, the diols 
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are attached to only one terminus of an oligonucleotide 
secpience. 

The terminal diol is linked to a moiety 
selected from the group consisting of hydroxyl (OH) , 
5 sulfhydryl (SH) , amino (KHg) r alkylamino (NH-alkyl) , 

dialkylamino (N[alJcyl]j) and amido (NH[aqyl]). As used 
herein, "alky!* refers to linear or branched chain 
radicals having 1 to 12 carbon atoms which may be 
optionally substituted. as herein defined. 

10 Representative alkyl- and dialkylamino radicals include 

methyl-, ethyl-, propyl-, butyl-, pentyl-, hexyl- / 
dimethyl- , diethyl-, dipropyl-, dibutyl-, dipentyl- and 
dihexylaaines and the like- As used herein, "HH(acyl) n 
or "amido" refers to linear or branched chain radicals 

15 having l to 12 carbon atoms with a terminal O^CNHg 

group* Representative amido radicals include 
methanamide/ ethanamide, propanamide, butanamide, 
pentanamide, hexanamide, heptanamide, octanamide, 
nonanamide, decanamide, undecanamide and doaecanamide. 

20 In one embodiment, the compounds of the 

present- invention comprise oligonucleotides of the 
formula: 

o o o 

f n ii 

25 ft- ([(CH) p O] w -P- 0) e ([{CH) p O] p -P- O) f [oligo (N) ] (O -P- 

U 'e U 'e ie 



0 

[(CH) p Oj n ) t (0 -P- [0(CH) p ] w ) f -R; 

L 'e 

R O 

35 where K is OH, SH, NR 2 !* 5 wherein R* and *? are 

independently hydrogen or C r C 6 al*yl, or KHR 4 wherein K 4 
is c^HC^ acyl; 

E 1 is hydrogen or C,-C 12 alfcyl; 
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oligo (n) is a native or modified oligonucleotide 
sequence of from about 9 to about 200 bases; 
each e and f is independently o to 5o; 
each m and n is independently 1 to 200; and 
each p is independently 2 to 4 . 

The oligonucleotide sequence is preferably a 
homopolymer or heteropolymer sequence containing any 
combination of dA, dC, dG, T or analogs thereof. 
In a preferred embodiment, m and n are 
independently l to 8 and, more preferably, both m and n 
are 4» Preferred oligonucleotide sequences contain from 
about 9 to about 50 bases, more preferably about 12 to 
about 25 bases, and most preferably about 15 to about 18 
bases. 

15 In a preferred embodiment, the antisense 

compounds have polyethyalltyleneglycol at both the 5 • and 
3 f termini and have the formula: 

20 R~ (C(CHJ p 03 B *P- 0) # (f(CH) p O) n ^ O) f [oligo (K) ] (O 

t I* i I* }f> 

O 

B 

ICCH) p 0] n ) # (O -P- [0(CH)^) f -R; 
R 1 6* 

where r is OH, sh, «R*R S wherein R 2 and R 3 ere 
independently hydrogen or c,-^ alkyl, or NBR* wherein r* 
is Cj-C^ acyl; 

R 1 Sm hydrogen or C t -0^ alkyl; 

oligo (N) is .a native or modified oligonucleotide 
sequence of from about 9 to about 200 bases; 
each e and f is independently l to 50; 
each m and n is independently 1 to 200; and 
each p is independently 2 to 4. 



25 



30 



35 
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Where the glycol is polyethyleneglycol, the 
compounds of this embodiment comprise oligonucleotides 
of the formula: 

o o 

5 H B 

R- [(CHsC^O)^ -P- 0] e [oligo(N)][0 -P- (OCHj.CHj.JJf -R? 
'e i& 

10 where R is on, SB, Knfe 3 wherein R 2 and R 5 are 

independently hydrogen or C t -c 6 alkyl, or NHR 4 wherein R 4 
is C t -c 12 acyl; 

oligo N is an oligonucleotide sequence of from about B 

to about 50 bases? and 
15 e f f, in and n are each independently 1 to 50 • 

in a preferred embodiment, the oligonucleotide 

contains, in a homopolymer or heteropolymer sequence, 

any combination of dA, dC, dG, T* 

in other preferred embodiments , the 
20 polyethyleneglycol is tetraethyleneglycol (TEG) and both 

to and ii are 4 or hexaethyleneglycol and both m and n are 

6. 

The compounds of the present invention are 
useful as antisense agents, Antisense agents hybridize 

25 with a complementary nucleotide sequence in a target 

nucleic acid to inhibit the translational or 
transcriptional function of said target nucleic acid. 
The target nucleic acid may be either SNA or DMA. 

Antisense compounds of the present invention 

30 comprise oligonucleotide sequences of from about 6 to 

about 200 bases having homopolymer or heteropolymer 
sequences comprising bases selected from the group 
consisting of adenine (A) , cytosine (C) , guanine (G) 
uracil (U) , thymine <T) and modifications of these 

35 bases, particular sequences are selected on the basis 

of their desired target. The sequence selected 
hybridizes with the target nucleic acid. Exemplary 
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targets include the MYC oncogene, the RAS oncogene, and 
viral nucleic acids. 

The compounds of the present invention can be 
prepared by the fol loving procedures: 
5 A« compounds having a three carbon 

Intemtielepfiidft linkage 
01 igonucleo sides connected by a three-carbon 
intemucleoside linkage are synthesized by reacting 
nucleosides having aldehyde and ylide functionalities at 
10 3* and 6* positions respectively under Wittig 

conditions » 

The syntheses of a nucleoside aldehyde and a 
phosphonium iodide nucleoside from commercially 
available compounds are illustrated in Figure la and lb, 

15 respectively- The aldehyde (compound I from Figure la) 

is synthesized from the known 3 1 -allyl-3 ' -deoxy-5 1 -o- 
tert-butyldimethylsilyl-3 1 -thymidine (Compound A, Figure 
1} . The allyl compound is regioselectively oxidized 
with a catalytic amount of osmium tetroxide and N- 

20 methylmorpholine oxide as a co oxidant. The resultant 

diol (Compound B, Figure la) is cleaved with sodium 
periodate to give the aldehyde in almost quantitative 
yield - 

The synthesis of the phosphonium iodide 
25 nucleoside (Compound II, Figure lb) follows from a 

commercially available 5 ' -tritylated nucleoside 
(Compound C, Figure lb) . The tritylated nucleoside is 
silylated at the 3 f position with tert- 
butyldimethylsilyl chloride and the trityl group removed 
30 under acidic conditions with high efficiency- The 

resultant primary hydroxy 1 (Compound E, Figure lb) is 
oxidised under swero conditions to give the aldehyde 
(Compound F, Figure lb) . The crude aldehyde ie 
immediately reacted with the ylide derived from 
35 methyl triphenyiphosphonium bromide to give a ^"vinyl- 
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tritylating reagents such as diaethoxytritylchloride and 
phosphoramidite . 

B* Compounds having a two carbon-one oxygen 
atom internucleoside linkage 
5 Oligonudeoside sequences having a two carbon- 

one oxygen atom intexnucleoside linkage are synthesized 
by reacting S^silylated, S'-toluenesulfonyl nucleoside 
with a 5 "-protected nucleoside* 

A 3 '-acetyl-S' -aldehyde nucleoside is prepared 

10 from a commercially available 3 1 -acetyl-nucleoside using 

standard methods veil known to those of skill in the 
art. The 3 '-acetyl-s ■-aldehyde nucleoside is then 
converted to a 3 '-acetyl -S 1 -carboraethoxymethylene 
nucleoside using a modified wittig reaction. 

15 The B 1 -methylene side chain is reduced with 

sodium borohydride in alcohol, preferably isopropanol, 
followed by deprotection of the 3 '-acetyl group with 
sodium methoxide in an alcohol, preferably methanol - 
The 3 1 -hydroxy is then protected with a silyl group. In 

20 a preferred embodiment the silyl group is a 

t-butyldimethylsilyl group. 

The 3 1 -silyl-5 1 -carbomethoxymethyl nucleoside 
is then further reduced to a 3 1 -O-silyl-5 1 -decxy-3 ■ - 
(2' •-ethanol) derivative of the nucleoside with 

25 diisobutyl aluminum hydride (DISAL) in tetrahydrofuran 

(THF) » The 5*-ethanol group is converted to a p- 
toluenesulfonyl group with p-toluene sulfonyl chloride 
in pyridine- The exocyclic amino group of the base 
jnoiety of the 5 f -p-toluenesulfonyl nucleoside is 

30 optionally protected by methods well known and readily 

apparent to those of skill in the art, a preferred 
protecting group for the exocyclic amino groups of 
adenine and cytosine is the benzoyl moiety. A preferred 
protecting group for the exocyclic amino group of 
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guanine is the isobutyl moiety- Guanine may also be 
protected act the O* position* 

The 3 ■ -O-sily 1-5 • -O-p-toluenesul fonyl 
nucleoside is then reacted with a S« -protected 
5 nucleoside to form a 3 i-o-silyl-5 1 -protected nucleoside 

dimer with a two carbon-one oxygen atom internucleoside 
linkage. The 5 1 -O-protecting group is preferably a 
trityl and, more preferably a dimethoxytrityl- The 3"- 
o-silyl-5 " -o-proteeted nucleoside is optionally 
10 protected at the exocyclic amino groups of the 

nucleoside base moiety. 

The nucleoside, diners are deprotected and 
rederivati2ed at the 3» -carbon atom position with a 
cyanophosphine reagent, preferably 
15 2-eyanoethoxydiisopropylaminophosphine for use in a 

phosphoramidite solid phase synthesis method. of chain 
elongation. Gait, supis- 

The nucleoside dimers or higher oligomers with 
trialkylsilyloxy protecting groups are conjugated to 
20 form oligonudeosides of any desired length. Upon 

completion of chain elongation, the oligomers are 
deprotected by standard methods* For further chain 
length extension in a solid phase synthesizer in which 
the oligomers are connected by phosphate linkages, the 
25 terminal 5 1 and 3 1 hydro*yl groups of the oligomers are 

appropriately functionalized, respectively with 
tritylating reagents such as dimethoxytritylchloride and 
phosphoramidite. . 

C. compounds having ? ttf" ?*y*on^nne 
30 ni V^ oqeT1 - a1:pm inter ™ eleoside littKWS 

oligonucleoside sequences connected by a two 
carbon-ena nitrogen atom internucleoside linkage of the 
form C-ON are synthesized by reacting nucleosides that 
contain aldehydes with nucleosides that contain amine 
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functionalities under reductive conditions as 
illustrated in Figure 4, 

Both the aldehyde and the amine compounds are 
prepared from commercially available compounds. The 
5 aldehyde is prepared from 3 '-allyl-S ' -deoxy-5 1 -o-tert- 

butyldimethylsilyl thymidine. The allyl compound is 
regioselectively oxidized with a catalytic amount of 
osmium tetroxide in the presence of N-methyl 
morpholine,N-oxide as a cooxidant to give the diol. The 

10 diol is, in turn, oxidized with sodium periodate to give 

the aldehyde in almost quantitative yield. 

The amine compound is synthesized from 
commercially available nucleosides* In a typical 
procedure, the primary hydroxyl group of a nucleoside is 

15 regioselectively transformed into a tosylate group with 

p-toluene sulfonyl chloride and than converted into an 
iodide* The 3' -hydroxy of the iodide intermediate is 
protected with tert-butyldimethylsilyl chloride and the 
azido group introduced by reacting with sodium azide. 

20 The azido functionality is efficiently converted to the 

required amine by reduction using 10% palladium on 
carbon under a hydrogen atmosphere or Raney Nickel 
reduction conditions. 

The amine and the aldehyde are coupled 

25 (reductive amination) in the presence of sodium 

cyanoborohydride under buffered conditions- The 
oligonucleoside dimer with a c-C-N internucleoside 
linkage is formed in good yield. The oligonucleoside is 
reacted with trifluoroacetic anhydride-triethylamine, to 

30 protect the secondary aliphatic nitrogen. The protected 

oligonucleoside is desilylated with tetrabutyl ammonium 
fluoride and the primary hydroxyl group of the resultant 
diol is selectively protected with dimethoxytrityl 
chloride. The remaining secondary hydroxyl is 
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protected with trifluoroacetJc anhydride and 
triethylamine, The protected diver or higher 
oligonucleoside sequence is de&ilylated and the 
resultant hydroxyl converted to pho&phoramidite with 
5 2-cyanoethyl-N , N-diisopropyl-chlorophosphoramidite . 

Ebe nucleoside dimere or higher oligomers with 
trialkylsiloxyl protecting groups are conjugated to form 
oligonucleotides of any desired length, upon completion 
of chain elongation, the oligomers are desilylated by 

10 standard methods. For further chain length extension in 

a solid phase synthesiser in which the oligomers are 
connected by phosphate linkages, the terminal 5' and 3 1 
hydroxyl groups of the oligomers are appropriately 
functionalized, respectively with tritylating reagents 

15 such as dimethoxytritylchloride and phosphoramidite. 

D* Compounds having a diol at either or both 

Where desired, diols are attached to either or 
both terming by a modification of the solid phase 

20 phosphoramidite method- miaonucleotide_Svnthesisj_ Ji 

Frfl 7t tea I -ftspn as h > ed. by K.J- Gait, pages 35-81, IRL 
Press, Washington, D.C. (1984). 

In accordance with our modification of the 
solid phase method, a diol is introduced at one, or 

25 both, terminal (s) of the oligonucleotide by a procedure 

in which the diol is reacted with an alkoxytrityl 
compound to form a tritylated diol. The diol is 
preferably a glycol, more preferably, a 
polyalkyleneglycol* The alkoxytrityl reagent is 

30 preferably monomethoxytrityl chloride or dimethoxytrityl 

chloride and, most preferably dimethoxytrityl chloride „ 
The tritylated diols are then reacted with a 
cyanophosphine reagent to form a 

trityldiolcyanophosphine compound, which compound is 
35 used as a phosphoramidite reagent (hereinafter referred 
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to as a "diol phosphoramidite reagent*') in the solid 
phase synthesis of the compounds Of the present 
invention. 

The initial step in solid phase synthesis is 
5 attachment of a nucleoside to a solid support, 

preferably a controlled pore glass (CPG) support. The 
nucleoside is preferably attached to the CPG via a 
succinate linkage at the 3 1 -hydroxy 1 position of the 
nucleoside. Other means of attaching nucleosides to 

10 solid supports are known and readily apparent to those 

of skill in the oligonucleotide synthesis art. 
Alternatively, in order to introduce a diol at the 3" 
terminal, a diol phosphoramidite reagent can be attached 
to the solid support prior to addition of the first 

15 nucleoside • The diol phosphoramidite reagent is 

attached to the solid support using succinate or other 
linkages in a manner analogous to methods used for 
nucleoside attachment. Means- of modifying such methods 
for use with diol phosphoramidite reagents will be 

20 readily apparent to those of skill in the art. Any 

number of diols can be placed on the solid support prior 
to addition of the first nucleoside. Preferably from l 
to about SO diols are used. Where diols are attached 
only to the 5* terminus, no diols are placed .on the 

25 solid support* 

" Following attachment of the first nucleoside 
or the diol(s) to the ©olid support , chain elongation 
occurs via the sequential steps of removing the 5'- 
hydroacyl protecting group (a functionalized trityl 

30 group), activating the 5'-hydroxyl group in the presence 

of a phosphoramidite reagent, i-e. v a 5' -trityl 
nucleoside, 3 '-phosphoramidite, capping the unreached 
nucleosides and oxidizing the phosphorous linkage- 
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The protecting group at the 5 • -hydroxyl 
position of the attached nucleosides is removed with 
acid, preferably trichloroacetic acid. 

Activating reagents that can bo used in 
5 accordance with this method are well known to those of 

skill in the art. Preferred activating reagents are 
tetrazole and activator gold (Beckman Instr. Inc., Palo 
Alto, CA). 

The activation step occurs in the presence of 
io the added nucleoside phosphoramidite reagent or diol 

phosphoramidite reagent, which latter reagent replaces 
the nucleoside phosphoramidite reagent of conventional 
synthetic methods when diol is added to the terminal (s) 
of the polynucleotide. Unreacted chains are terminated 
15 or capped with capping reagents such as acetic anhydride 

and N-methyl imidazole * 

The labile trivalent phosphorus linkage is 
oxidized, preferably with iodine, to the stable, 
pentavalent phosphodiester linkage of the 
20 ol igonucleot ide * 

After the desired oligonucleotide chain 
assembly is complete, the phosphate protecting groups 
are removed, the chains are separated from the solid 
support and the base protecting groups are removed by 
25 conventional methods. Gaits, supra at 67-70* 

Those skilled in the art will appreciate that 
other means of synthesizing oligonucleotides can be 
modified in an analogous manner to produce diol- 
terminated antisense oligonucleotides. 
30 The compounds of the present invention are 

useful in treating mammals with hereditary disorders or 
diseases associated with altered genetic expression 
mechanisms. At present, attempts are underway to 
develop antisense therapies for use in treating viral 
35 infections such as Hlv, cytomegalovirus, herpes simplex, 
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hepatitis B, papilloma virus and picoma virus f cancers 
of the lung, colon, cervix, breast and ovary; 
inflammatory diseases? and diseases of the immune system 
such as acquired immunodeficiency syndrome (AIDS) , 
5 hematological neoplasms and hyperproliferative 

disorders* Armstrong, supra at 89; Klausner, supra at 

303, 304, 

compositions of the present invention useful 
in inhibiting gene expression comprise physiologically 

10 acceptable carriers and 1) compounds comprising 

oligonucleotide sequences of from about 6 to about 200 
bases having an internucleoside linkage of the formula 
-D-D-D- as defined herein, optionally having a diol at 
either or both termini or 2) compounds comprising 

15 oligonucleotide sequences of from about 9 to about 200 

bases having a diol at either or both termini. 

- Compositions of the present invention useful 
in inhibiting gene expression include one or more of the 
compounds of this invention formulated into compositions 

20 together with one or more non-toxic physiologically 

acceptable carriers, adjuvants or vehicles which are 
collectively referred to herein as carriers, for 
parenteral injection, for oral administration in solid 
or liquid form, for rectal or topical administration, 

25 and the liKe- 

The compositions can be administered to humans 
and animals either orally, rectally, parenteral ly 
(intravenously, intramuscularly or subcut aneously ) , 
intracistemally, intravaginally, intraperitoneal ly, 

30 locally (powders, ointments or drops) , or as a buccal or 

nasal spray, 

compositions suitable for parenteral injection 
may comprise physiologically acceptable sterile aqueous 
or nonaqueous solutions, dispersions , suspensions or 

35 emulsions and sterile powders for reconstitution into 



PAGE 52/1 09 « RCVD AT 8/1 1/2004 1 1 :56: 24 AM lEastern Daylight Time] * SVR:USPT0^FXRF-1/3 * DNIS:8729306 * CSID:+2155683439 » DURATION (mm-ss):25-34 



Aug-11-04 12:08pm From-Wocdcock, Washburn 



+2155683439 



T-183 P. 053/1 09 F-335 



- 33 - 



sterile injectable solutions or dispersions. Examples 
of suitable aqueous and nonaqueous carriers, diluents, 
solvents or vehicles include water, ethanol, polyols 
(propyleneglycol f polyethylenegiycol, glycerol, and the 
S like), suitable mixtures thereof, vegetable oils (such 

as olive oil) and injectable organic esters such as 
ethyl oleate. Proper fluidity can be maintained, for 
example, by the use of a coating such as lecithin, by 
the maintenance of the required particle size in the 

10 case of dispersions and by the use of surfactants. 

These compositions may also contain adjuvants 
such as preserving, wetting, emulsifying, and dispensing 
agents- Prevention of the action of microorganisms can 
be ensured by various antibacterial and antifungal 

X5 agents, for example, parabens, chlorobutanol, phenol, 

sorbic acid, and the like* It may also be desirable to 
include isotonic agents, for example sugars, sodium 
chloride and the like. Prolonged absorption of the 
injectable form can be brought about by the use of 

20 agents delaying absorption, for example, aluminum 

monosteaxate and gelatin * 

If desired, and for more effective 
distribution, the compounds can be incorporated into 
slow release or targeted delivery systems such as 

25 polymer matrices, liposomes, and microspheres. They may 

be sterilized, for example, by filtration through a 
bacteria-retaining filter, or by incorporating 
sterilizing agents in the form of sterile solid 
compositions which can be dissolved in sterile water, or 

30 come other sterile injectable medium immediately before 

use. 

Solid dosage forms for oral administration 
include capsules, tablets, pills, powders and granules* 
In such solid dosage forms, the active compound is 
35 admixed with at least one inert customary excipient (or 
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10 



carrier) such as sodium citrate or dicalcium phosphate 
or (a) fillers or extenders, as for example, starches, 
lactose, sucrose! glucose, mannitoi and silicic acid, 
(b) binders, as for example, carboxymethylcellulose, 
alignates, gelatin, polyvinylpyrrolidone, sucrose and 
acacia, (c) humectants, as for example, glycerol, (d) 
disintegrating agents, as for example, agar-agar, 
calcium carbonate, potato or tapioca starch, alginic 
acid, certain complex: silicates and sodium carbonate, 
(e) solution retarders, as for exan?>le paraffin, (f) 
absorption accelerators, as for example, quaternary 
ammonium confounds, (g) wetting agents, as for example, 
cetyl alcohol and glycerol monostearate, (b) adsorbents, 
as for example, Xaolin and bentonite, and (i) 
15 lubricants, as for example, talc, calcium stearate, 

magnesium stearate, solid polyethylene glycols, sodium 
lauryl sulfate or mixtures thereof- In the case of 
capsules, tablets and pills, the dosage forms may also 
comprise buffering agents. 
20 solid compositions of a similar type may also 

be employed as fillers in soft and hard-filled gelatin 
capsules using such excipients as lactose or milk sugar 
as well as high molecular weight polyethyleneglycols , 
and the like* 

25 solid dosage forms such as tablets, dragees, 

capsules, pills and granules can be prepared with 
coatings and shells, such as enteric coatings and others 
well Known in this art* They may contain opacifying 
agents, and can also be of such composition that they 
release the active compound or compounds in a certain 
part of the intestinal tract in a delayed manner. 
Examples of embedding compositions which can be used are 
polymeric substances and waxes. 



30 
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The active compounds can also be in micro- 
encapsulated form, if appropriate, with one or more of 
the above-mentioned excipients. 

Liquid dosage forms for oral administration 
5 include physiologically acceptable emulsions r solutions, 

suspensions, syrups and elixirs, in addition to the 
active compounds w the liquid dosage forms may contain 
inert diluent© commonly used in the art, such as water 
or other solvents, solubilizing agents and emulsifiers, 

10 as for example, ethyl alcohol , isopropyl alcohol, ethyl 

carbonate, ethyl acetate, benayl alcohol, benzyl 
ben z oat e, propyleneglycol , 1,3-butyleneglycol, 
dimethyl formamide, oils, in particular, cottonseed oil, 
groundnut oil, corn germ oil, olive oil, castor oil and 

15 sesame oil, glycerol, tetrahydrofurfuryl alcohol, 

polyethyleneglycols and fatty acid esters of sorbitan or 
mixtures of these substances, and the like* 

Besides such inert diluents, the composition 
can also include adjuvants , such as wetting agents, 

20 emulsifying and suspending agents, sweetening, flavoring 

and perfuming agents. 

Suspensions, in addition to the active 
compounds, may contain suspending agents, as for 
example, ethoxylated isostearyl alcohols, 

25 polyoxyethylene sorbitol and sorbitan esters, 

microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of 
these substances, and the like* 

compositions for rectal administrations are 

30 preferably suppositories which can be prepared by mixing 

the compounds of the present invention with suitable 
non-irritating excipients or carriers such as cocoa 
butter, polyethyleneglycol or a suppository wax, which 
are solid at ordinary temperatures but liquid at body 
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temperature and therefore, melt in the rectum or vaginal 
cavity and release, the active component. 

Dosage forms for topical administration of a 
compound of this invention include ointments, powders, 
5 sprays and inhalants. The active component is admixed 

under sterile conditions with a physiologically 
. acceptable carrier and any needed preservatives, buffers 
or- propellonts as may be required, ophthalmic 
formulations, eye ointments, powders and solutions are 
10 also contemplated as being within the scope of this 

invention. 

The compounds of the present invention can 
also be administered in the form of liposomes. As is 
known in the art, liposomes are generally derived from 
15 phospholipids or other lipid substances, liposomes are 

formed by mono- or multi-lamellar hydrated liquid 
. crystals that are dispersed in an aqueous medium. Any 
non-toxic, physiologically acceptable and metaboliaable 
lipid capable of forming liposomes can be used. The 
present compositions in liposome form can contain, in 
addition to the lipoxygenase inhibiting compounds of the 
present invention, stabilizers, preservatives, 
excipients, and the like. The preferred lipids are the 
phospholipids and the phosphatidyl cholines (lecithins) , 
25 both natural and synthetic. 

Methods to form liposomes are known in the 
art. See, for example, tfetfcodg in , Cell *i<flP 3X.* »♦ b * 
Prescott, Volume XIV, Academic Press, New York, N.Y. , 
p» 33 et seq. , (1976) . 

Actual dosage levels of active ingredient in 
the compositions of the present invention may be varied 
so as to obtain an amount of active ingredient that is 
effective to obtain a desired therapeutic response for a 
particular composition and method of administration- 
The selected dosage level therefore depends upon the 



20 
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desired therapeutic effect, on the route of 
administration, on the desired duration of treatment and 
other factors. 

The total daily dose of the compounds of this 
5 invention administered to a host in single or divided 

doses may be in amounts , for example, of from about 1 
nanomol to about 5 aicromols per kilogram of body 
Weight. Dosage unit compositions nay contain such 
amounts or such sutomultiples thereof as may be used to 

io malce up the daily dose. It will be understood, however, 

that the specific dose level for any particular patient 
will depend upon a variety of factors including the body 
weight, general health, sex, diet, time and route of 
administration , rates of absorption and excretion/ 

15 combination with other drugs and the severity of the 

particular disease being treated. 

The following examples further illustrate the 
best mode of carrying out the invention and are not to 
be construed as limiting of the specification and claims 

20 in any way. 



example i: Preparation cf ?-p 1 -fliraethgxytrityl-3-P ' - 

t-butviaimethvlsilvl thymidine. 
Dimethoxytrityl thymidine (5.0 g, 9*2 mmol) 
25 and imidazole (1*2 g, 18.4 mmol) were dissolved in 15 ml 

of anhydrous dimethyl formamide (DMF) and added to tert- 
butyldimethylsilyl chloride (1.7 g r 11,5 mmol) * 

The reaction mixture was stirred for 4 hours 
at room temperature, diluted with ethyl acetate and 
30 washed with water, saturated sodium chloride and dried 

with sodium sulfate. A quantitative yield of the title 
compound was obtained. 
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EXAMPIS 2: Frepamign 9t ? a -P-t>^tvl4^thYl^UY^ 

thymidine 

S 1 ~o-dimethoxy-3 ' -*o-t-butyldimethylsilyl 
thymidine prepared according to the method of Example i 
5 {0-7 g, X.l mmol) was treated for 1 hour at room 

temperature with 13 ml of a 34 trichloracetic acid in 
methylene chloride solution. The reaction mixture was 
then neutralised with a 5% (w/v) ©odium bicarbonate 
solution. The organic layer was dried with sodium 
10 sulfate. The title compound was purified by flash 

chromatography using a 0 to 30% gradient of ethyl 
acetate in methylene chloride. The yield of the 
reaction was 85%. 

15 EXAMPLE 3: Pre paration of 3 '-O -t-biytvl dimethyl silY.l 

thymidine 4 '-aldehyde^ 
To a well stirred solution of dry methylene 
chloride at -7B'C was added oxalyl chloride (33.0 mmol r 
2.88 ml) followed by dropwise addition of DM50 (3.12 ml, 

20 4,4 mmol)* After 10 minutes, the alcohol (5*6 g, 15.7 

mmol), prepared according to the method of Example 2, in 
20.0 ml of CH 2 C1 2 , was added dropwise over a period of 2 
minutes and stirring was continued for 45 minutes. Et 3 W 
{8,1 ml, 58*1 mmol) was added and stirring continued for 

25 another 45 minutes, the reaction mixture was then 

brought to room temperature and then washed with water 
(2 X 10 ml) followed by brine (10 ml) and dried 
(NajjSOj • The crude aldehyde was used for the next 
step. 

30 

EXAMPLE 4: Preparation ^ 5 1 -vItivI ' -deoxy-3 ' 

^iifc Y irfiMgthvl giivl deoyvthvmidims 
To a solution of methyltriphenyl phosphonium 
bromide (0-7 mmol) in dry tetrahydrofuran (TBF) at 0'C 
35 was added a solution of sodium bis 



PAGE 58/109* RCVD AT 8/11/2004 11:56:24 AM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3* DHIS:8729306 * CSID:+2155683439 * DURATION (mm-ss):25-34 



Aug-11-04 12:09pm From-Woodcock Jashburn +Z1 55683439 T-183 P. 059/109 F-335 



- 39 - 

(trimethylsilylamide) (0.6 mmol) dropvise. After 30 
minutes , a solution of the corresponding 4 1 -aldehyde in 
THF was added dropvise under nitrogen. The reaction 
mixture was stirred for 2 hours, diluted with ethyl 
5 acetate, washed with water, then with brine and dried 

(Na 2 S0 4 ) * The title compound was purified by flash 
chromatography using 20% ethyl acetate-hexane. The 
yield was 55-60%, 

10 EXAMPLE 5: Preparation of 3'-o-t-butvldiinei:hvl 5 llvl- 

g'-draxv-S'-hyaroxyaiethYl 
To a solution of 2M 2-methyl-2-butene (1.6 eq, 
1.5 mi, 3 mmoij in 3 ml of anhydrous thf at 0"C, 1*6 egs 
of a 1M borane-tetrahydrofuran complex (3 ml, 2 mmol) 

15 were added slowly under th* 

The solution was stirred for 10 minutes 
followed by the addition of the vinyl thymidine, 
prepared according to the method of Example 4, (0.7 g, 
1.9 mmol) in 5 ml or anhydrous THF. The reaction 

20 mixture was stirred for 45 minutes and placed in the 

refrigerator for 2 days. 

Workup was done using an aqueous solution 
comprising 3.1 eg of 2M sodium hydroxide and 3.1 eg of 
30% hydrogen peroxide (preferably adding hydrogen 

25 peroxide dropwise to the aqueous sodium hydroxide at 0"C 

and stirring for 10 minutes} . The solution was added 
slowly through an addition funnel to the reaction 
mixture at 0*C, stirred for 1 hour, removed from the ice 
bath, diluted with ethyl acetate r washed with water, 

30 saturated sodium chloride and dried with sodium sulfate. 

The title compound was purified by flash chromatography 
using a 20-80* gradient of ethyl acetate in hexane* The 
yield was 62%. 
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EXAMPLE 6: Preparation of S^iodomethyl^S '-deoxv- 

gy-t-butvldimfethvlsilvl thymidine. 
To a solution of 3 f -o-t-butyldimethylsilyl-5 ■ - 
5 deoxy-5 1 ~hydroxymethyl thymidine prepared according to 

the method of Example 5 (0.3 g, 0*9 mmol) in dry 
acetonitrile (5 Till) and ether (3-4 ml) Were added 3 eq 
of tx-iphenyl phosphine (0*7 gy 2*8 mmol), 4 eq of 
imidazole (0.3 g, 3.7 mmol) and 2*2 eq of iodine (0.5 g, 
10 2.8 mmol). The reaction mixture was stirred for 45 min 

and the solvent was evaporated. Ethyl acetate was added 
to the residue and the residue washed, with water , 
saturated sodium chloride and dried with sodium sulfate. 
The title compound was purified by flash chromatography 
15 using a 30-50% gradient of ethyl acetate in hexane* The 

yield was 90%. 

EXAMPLE 7 : Preparation of 3 ' -o-t~buty lflimethvlsilvl- 

5 ■ ' -thvffiidyl methyl phosphonium 

20 iodide. 

To a stirred solution of S'-iodomethyl-B 
deoxy-3 1 -o-t-butyldimethysilyl thymidine prepared 
according to the method of Example 6 was added iodide 
(4S0 mg, 1 mmol) in dry CH 3 CN (5 ml) and 

25 triphenylphosphine (1.57 g, 6 mmol) and the mixture 

re fluxed for 12 hours at 90* C* The reaction was cooled 
and the solvent was removed. The title compound was 
purified by flash chromatography using 5% HeOH in 
CH S C1 2 . The product was obtained in 95*96% yield. 

30 

EXAMPLE S: Preparati on of 5 ' -t^butvldimethvlsilvl- 

3 ' -deoxv-3 i",2" *dihvdroxv^3 w -propvll^ 

Osmium tetraotfide (0s0 4 ) (4 drops , 2.5 w/V%) 
35 in butanol was added to a stirred mixture of 3' -(2*- 
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propeny 1 ) -3 * -deoxy-5 1 -O-t-butyldimethylsilyl thymidine 
prepared according to the procedure described in 0rq . 

CllSP* 1989, 54:2767-2769 (C.K. ChU fct (183 mg, 0.5 

mmol) and 4-me-thylmorpholine-N-oxide (53 mg, 0.45 mmol) 
5 in 5,0 ml anhydrous THF at o w c. The reaction mixture 

was then quenched with 10% aqueous sodium metabisulfite 
(2.0 Jul), stirred for 20 minutes, filtered over a pad of 
silica and diluted with ethyl acetate (25.0 ml). The 
organic phase was washed with water (5.0 al) and brine , 
lo and then dried with Na 2 S0 4 . The solvent was evaporated 

and the title compound purified by flash chromatography. 

EXAMPLE 9: Preparation of 5'^t-butvldiTne tovlfiilvl^ 

3 ^^^-thYmi^-^l-ftcet^Mghy^ 

!5 Sodium periodate (214 mg, l mmol) was added to 

a stirred solution of the thymidine diol prepared by the 
method of Example 2 (200 mg, 0-5 ttmol) in TRF-BjO (4:l 
ratio , 5.0 ml). After 1 hour, the reaction mixture was 
diluted with ethyl acetate (25 ml) , washed with SLf> 

20 (2 x 5 ml) , brine and dried. The title compound was 

purified by flash chromatography with 70* ethyl acetate 
in hexane* 

EXAMPLE 10: Preparation of thvm idine_dimer 5- with a 

25 thaw. ■ ggyfeqD lll ,ijitg.TTiugl^pg ids 1 infcaqe > 

The processes of example lOa-lOe are 
illustrated in Figure 3. 

10a. To a stirred suspension of the 
phosphonium iodide compound prepared according to the 

30 jnethod of Example 7 (241 mg, 0.32fi mmol) in dry THF (2.0 

ml) was added potassium tert-butoxide (0.62 ml, 1.0 H 
solution in THF, 0.62 mmol) at -7S"C under nitrogen. 
After 20 minutes, the 3'^acetaldehyde compound prepared 
according to the method of Example 9 (SO mg, 0*22 mmol) 

35 was added. After 60 minutes, the reaction mixture was 
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diluted with ethyl acetate (30 ml) , washed with water (2 
* 5 ml) and brine (5 ml) and dried (NajSO,) . The 
solvent was evaporated and the olefin product (compound 
X) was purified by flash chromatography using 70% ethyl 
5 acetate in hexane. The yield was in the range of 55- 

60%. 

10b. 10% Pd-c C20 mg) was added to a stirred 
solution of Compound 1 (109 mg) in methanol (5*0 ml) at 
25 *C and at 1 atmospheric pressure of hydrogen. After 4 
10 hours r the catalyst was filtered over a pad of celite 

and the solvent was evaporated. Compound 2 was thus 
recovered and then purified by flash chromatography in 
80% ethyl acetate in hexane* 

10c* About 2.8 equivalents of tetrabutyi 
15 ammonium fluoride at 0*C were added to. a stirred 

solution of Compound 2 (350 mg) in 5*0 ml of SBF. After 
3 hours, the solvent was evaporated and Compound 3 was 
purified by flash chromatography using lot methanol in 

Cf^Clj, , - 

20 lOd. About 0*05 equivalents of 4- 

dimethylamino pyridine, 1*4 equivalents of 
triethylamine and 1.2 equivalents of 4,4 f - 
dimethoxytrityl chloride were added to a stirred 
solution of Compound 3 (0*6 mmol) in dry pyridine (4.0 

25 ml) * After 2 hours, the reaction mixture was quenched 

with 2.0 ml of water and then diluted with 2.0 ml of 
ethyl acetate. The organic phase was separated, washed 
with brine and dried* Compound 4 was purified by flash 
chromatography using 54 methanol in methylene chloride. 

30 lOe. About 2,0 equivalents of diisopropyl 

ethyl amine and 1.0 ml of dry dichloromethane (CH 2 cl 2 ) 
was added to a stirred solution of Compound 4 (0,5 
mmol) • After 30 minutes, 0.75 equivalents of 2- 
eyahoethyl-N, M-diisopropylchlorophosphoramidite was 

35 added, drop by drop over a period of 20 minutes and 
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stirring continued for another 1 hour. The solvent wa 
then evaporated and Compound 5 was purified by flash 
chromatography using ethyl acetate (containing it 
triethyl amine) under nitrogen atmosphere. 

The processes or steps a-d above are used to 
make diners containing three carbon intemucleoside 
linkages in which all three carbons have the formula 

Any or all of the carbons can be optionally 
hydroxylated by modifying the process illustrated in 
Figure 3 as follows, a drop of 2.5* (w/v) solution of 
osmium tetraoxide in t-butanol at 0*C was added to a 
stirred solution of compound 1 and 4-methyl morpholine 
N-oxide (9.1 mg) in o.s mi or - thp. The reaction 
mixture was kept at 0«c for 24 hours, quenched with an 
aqueous solution of eodium metabisulfite, diluted with 
ethyl acetate and washed with water and brine. The 
solvent was evaporated and the resulting hydroxylated 
diner purified by thin layer chromatography using ethyl 
acetate as an eluent. The hydroxylated dimer is then 
protected and the S* and 3' terminals modified as in 
steps b~d, above. 

example ii; Preparation of hvdroxviatea tn^ f gnrtan 

internuelanB^ft linfcae^^ 

The thymidine-dimer phosphoramidite compounds 
produced by steps a-d were used in a modified solid 
phase phosphoramidite synthetic procedure to make the 
oligonucleoside sequences of Table i. 

The oligodeaxynucleotides were synthesized 
from the 3» to the 5» terminus. 
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5' TpTpTpTpTp [TcT]pTpTpTpfpypypT 3 f 1 

5» TpTpTpTpTpTpTp [ TcT] pTpTpypypT 3 1 2 

5 1 TpTpTpTpTpTpTpTp [TcT] pypT 3' 3 

T= thymidine 
O 



XO p= O-P-O 



y= tetraethyleneglycol 

synthesis then proceeded in accordance with a 
modified phosphoramidite procedure. The 5»-hydroxyl 
group of the attached thymidine was reacted with 
20 trichloroacetic acid to deprotect the 5*-hydroxyl group. 

Following this deprotection step, the attached thymidine 
was reacted with the activating agent , tetrazole, and a 
phosphor amidite reagent comprising 

diaiethoxytrityltetraethYleneglycolcyanophosphine - The 
25 activation step was followed by the capping of unreacted 

S'-hydroxyl groups with acetic anhydride and tf- 
methylimidazole. The phosphorous linkage was then 
oxidized with iodine in accordance with standard 
procedures. In sequences 1 and 2, containing two 

3 0 tetraethyleneglycol (TEG) residues, the deprotecting, 

activating, capping and oxidizing steps were repeated as 
described above. 

Chain elongation then proceeded via the 
standard sequential steps of deprotection, activation, 

35 capping and oxidation with the modification that a 

three-carbon linked thymidine dimer, prepared according 
to the methods of Examples 1-9, in the chain was added 
where desired during an activation step. 
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At the end of chain assembly, the thymidine 
oligomers were removed from the CPG support with 
concentrated ammonium hydroxide* The solution was then 
further treated at 55 "C for 8 to 15 hours to remove all 
5 the protecting groups on. the exocyclic amines of the 

bases. 

EXAMPLE 12: prapargt l_gn_oi 3 ' -O-acetyl-5 ■ - 

carbomethoxvmethvl-5 '-deoxythymidine 
10 About 0*39 g sodium borohydride was added to a 

cold (ice bath) stirred, mixture of 3-17 g of 3*-0- 
acetyl-5 • -carbomethoxymethylene-S * -deoxythymidine in 95 
ml isoprepanol* The mixture vas stirred at O'C under 
nitrogen atmosphere for half an hour, then at room 
IS temperature for an additional four and one half hours. 

The chilled mixture was quenched with 20 ml 
methanol, followed in 30 minutes vith 200 ml of 
distilled water, and then extracted with several 
portions of ethyl acetate. The combined organic 
20 extracts were treated with brine and dried vith 

anhydrous magnesium sulfate. The drying agent was 
filtered off and the solvent evaporated, yielding the 
title compound as a residual glass of 2.7 g. 

25 EXAMPLE 13: Preparation of S'-earbomethoxymethyl- 

S'-deoxythymidine 

About 10 drops of a 25* (w/v) methanolic 

solution of sodiujn jnethoxide was added to a cold, 

stirred solution of 2.22 g of s'-o-acetyl-S 1 - 

30 carbomethoxymethyl-S'-deoxythymidine, prepared according 

to the method of Example 12, in about 300 ml of dry 
(passed through a bed of neutral alumina) methanol. 
The mixture was stirred under a nitrogen atmosphere, 
without replenishing the ice bath, for about 20 hours. 

35 a small amount of cation exchange resin (Bio* 

Rad AG 50WXB) , was added and the mixture stirred for 30 
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10 



minutes* She solvent was removed under reduced 
pressure, yielding a residual glass of 2.1 g, which was 
treated with warm toluene, and, after cooling, ill tared 
and rinsed out with cyclohexane to yield a crude product 
as a white solid, 1*64 g* 

The title compound was further purified from a 
trace of starting material by chromatography on silica 
gel, eluting with ethyl acetate, then recrystallization 
from ethyl acfctate/hexane to yield white crystals. 



EXAMPLE 14: Preparatio n of 3 ' -O-t-butvldj ttgthyl sUvl* 
g i - f 5 "^hvaroyyethvl 1 -thymidine 
About 19 ml of a 1M diisobutylaluminum hydride 
in tetrahydrofuran (THF) were added to a cold (-40- to 
XB -30*C) , stirred solution of 1.83 g of 

3 1 -o-t-butyldimethylsilyl-5 • -carboethoxymethyl-5 1 - 
deoxythymidilie in 40 ml of anhydrous THF, under a 
nitrogen atmosphere. The reaction temperature was then 
slowly increased to -20*C. 
2o The mixture was quenched with about 3.5 ml 

methanol, and the reaction temperature increased to 
-10'C. About IS ml water in 36 ml THF were added to the 
warm mixture and the temperature further increased to 
10 Most of the THF was removed, zia reduced pressure 
25 and the residue diluted with about two volumes of water. 

The aqueous phase was extracted several times with ethyl 
acetate/chloroform. The combined extracts were washed 
with cold 2N hydrochloric acid, and brine, dried with 
anydrous magnesium sulfate and filtered. The solvent 
30 was removed from the filtrate with reduced pressure to 

yield the title compound (about 1-6 g) . 
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EXAMPLE 15; Preparation of vi 

About 1 g of p-toluenesulfonyl chloride was 
added to a solution of 1 g of S^O-t-butyldimethylsilyl- 
5 5 1 - ( 2 " -hy droxye thy 1 ) -5 1 -deoxythymidine , prepared 

according to the method of Example 14, in 25 to 30 ml of 
anhydrous pyridine, and the Mixture maintained, 
stoppered, at about 5*C for approximately 19 hours. 

the mixture was added to about 200 ml of ice 
10 water and extracted several times with ether. The 

combined organic extracts were washed with cold 2N 
hydrochloric acid, water, and brine- The washed 
extracts were dried with anhydrous sodium sulfate and 
filtered. The solvent was removed from the filtrate 
15 reduced pressure to yield a residual glass of 1.24 g of 

the p-toluenesulfonyl derivative. 

About 0.54 g of the p-toluenesulfonyl 
derivative and 0,38 g sodium iodide were dissolved in 55 
ml of dry (molecular sieves, 4A) acetone for three days, 
20 followed by the further addition of 0.19 g sodium iodide 

with stirring for a final day. 

The reaction mixture was filtered and the 
solvent was evaporated to yield crude product. 

The crude product was purified by 
25 chromatography on 85 g of silica gel eluting with 25% 

ethyl acetate in hexane* The solvent was evaporated to 
yield 0-4 g of the desired 3 ? -0-t-butyldimethylsilyl- 
5 * (2 tt -iodoethyl) -5 ■-deoxythymidine. 

30 example is: preparation qf g^g^b^thpyyrnfethyigate 

Si^deoxvthvmidine 
About io drops of a 25* sodium methoxide in 
methanol were added to a stirred solution of 1.5 g of 
3 • -o-acetyl-5 1 -carbomethoxymethylene-5 ■ -deoxythymidine 
35 in 150 ml of dry methanol (passed through a bed of 
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neutral alumina) . The mixture was stirred at room 
temperature under a nitrogen atmosphere for an , 
additional 6 hours * 

A small amount of cation exchange resin (Bio- 
5 Rad AG-5QW-X8) was added- to the mixture with stirring 

for 10 minutes- The solvent was removed under reduced 
pressure to yield a white solid residue of 1-3 g* The 
residue was triturated twice with warm toluene, then 
taken up in hot ethanol , filtered, and chilled to yield 
10 the title compound as a white crystalline product, after 

drying, 0.85 g. 

EXAMPLE 17? " Preparation of 3 f -0-t~butvldiffiethvlsily_l^ 
Sj - (5«>hvdroyyethvle ne^ -5 '-deoyvthvinidine 

15 A solution of 296 mg 5 ,fc carbethoxymethylene- 

S i -aeoxythymidine was added dropwise under a nitrogen 
atmosphere to a cold (ice water bath) , stirred solution 
of 205 mg imidazole and 227 mg t-butyldiinethylsilyl 
chloride in l ml of anhydrous dimethylf ormamide . After 

20 coinplete addition/ the mixture was removed from the ice 

and stirring continued at ambient temperature for two 
hours, then at 35"C for another two hours, and finally 
at 40"C for half an hour. 

The mixture was then quenched with 2 ml of 

25 methanol, followed by two to three volumes of water - 

The aqueous phase was extracted several times with ethyl 
acetate- The combined organic extracts were washed with 
water, saturated bicarbonate solution, and brine, dried 
with anhydrous magnesium sulfate, and filtered. The 

30 solvent was removed from the filtrate via reduced 

pressuxe to yield 0-40 g of 3 <*o-t-butyldimethylsilylyl- 
$ f -carbomethOXymethYlene-5 1 -deoxythymidine. 

About 4 ml of a Hi solution of 
diisobutylaluminum hydride in tetrahydrofuran was added 

35 dropwise to a -30* C to -35 *C chilled solution of 0.37 g 
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of the 3 f *0-t-butyldiaethylsilyl-5■- 

carbomethoxymethylene-5 '-deoxythyaidine dissolved in id 
ml of anhydrous tetrahydrofuran at a temperature below 
-30 "C* After addition was complete, the reaction was 
5 stirred under a nitrogen atmosphere for an additional 

two hours while maintaining the internal temperature in 
the range of from about -30* to about -20*C 

About 0.8 ml of methanol va« added to the 
reaction mixture followed by the addition of a solution 

10 of 4 ml water in 8 ml of tetrahydrofuran* Most of the 

more volatile tetrahydrofuran was removed under reduced 
pressure. The aqueous residue was diluted with about 
twice its volume of water and extracted several times 
with ethyl acetate. The combined organic extracts were 

15 washed with cold IN hydrochloric acid, and brine, dried 

with anhydrous magnesium sulfate and filtered. The 
filtrate was stripped to yield the residual title 
compound, 0.267 g. 

A portion of this material was purified to 

20 analytical purity by chromatography on silica gel, 

eluting with 50% ethyl acetate/hexane - 

example la: Ttvytmbim^XtoYmiiln^itmn 

containing 5 two carbon - our »+™ 

25 r ? ■ -9tC-5tS ' ) intanwclgpatag liufcaa? 

18a* To a stirred solution of 5'-0- 
trityl thymidine is added an equimolar amount of each of 
a base and 3 l -0-t-butyldimethylsilyl-5 l -{2"-iodoethyl)- 
5 f -deoxythymidine at 0"C\ Ihe course of the reaction is 

30 monitored by thin layer chromatography (TLC) * After the 

completion of the reaction, the desired aimer is 
isolated and purified by flash chromatography, 

18b. To a stirred solution of 3»-o-t- 
butyldimethylsilyl-5 1 - ( 2 " -hy droxye thyl ) -5 l - 

35 deoxythymidine maintained at a temperature of about -5'C 
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is added 2 equivalents of base, and the solvent is 
evaporated to dryness. The residue is redissolved in 
0MF r and an equivalent of 5 « -dimethoxytrityl-2 1 r 3 • - 
cyclothymidine is added. The reaction mixture is Seated 
5 to about 40 "C, and the formation of the desired dimer is 

monitored by TLC. After the completion of the reaction, 
the desired dimer is isolated and purified by flash 
chromatography. 

10 EXAHPUB 19: peprotection of the 3 ' end of the dimer 

The a'-t-butyldimethylsilyl protecting group 
of the protected dimer s is removed by treatment of a THF 
solution of the dimer of Example 18 with 2-8 equivalents 
15 of tetrabutylammanium fluoride at 0'C. After the 

completion of the reaction (generally about 3 hours) , 
the solvent is evaporated and the desired dimer is 
isolated and purified by flash chromatography* 

20 EXAMPLE 20: Preparation of a functional ised dipiQF 

unit suitable for automated^-Synthes fe 
The dimer product of Example 19 is dissolved 
in dichloromethane, and 2 equivalents of 
diisopropyl ethyl amine are added* The mixture is 
25 stirred for 30 minutes, followed by dropwise addition of 

0.75 equivalents of 2-cyanoethyl-N f N- 

diisopropylchlorophosphoramidite over a period of about 
20 minutes* The stirring is continued for another hour, 
the solvent is evaporated, and the resulting 
30 functionalized dimer is isolated and purified on a flash 

chromatography column using ethyl acetate under an inert 
atmosphere- 
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EXAMPLE 21: BPTOtj W nf -5 '-t- butv 3 di methyl c * 1y1 - 

'-ri" ,2"-dihvdir 0y v-^H. rr7ry1 T _ 

thymidine T 

Osmium tetraoxide (0so 4 ) (4 drops, 2.5% w/v) 
5 in butanol was added to a stirred mixtures of 3 '-(2 n - 

propenyl) -3 • -deoxy-5 '-O-t-butyldimethylsilyl thymidine 
(1B3 mg, 0.5 ttmol), prepared according to the literature 
procedure, and 4-methylmorpholine-N-oxide (53 mg, 0.45 
mmol) in 5.0 ml dry THF at O-c. The reaction mixture 
10 was then quenched with 10* aqueous sodium metabisulfite 

(2.0 ml), stirred for 20 minutes, filtered over a pad of 
silica and diluted with ethyl acetate (25.0 ml). The 
organic phase was washed with water (5.0 ml) and brine, 
and then dried with Na^O^. The solvent was evaporated 
and the title compound purified by flash chromatography. 



15 



20 



EXAMPLE 22: Preparation of ^-^vy-tm^^-?-^ - 
acetaldehy de-5 '-Q-t- 
butvldimefehvi c tivi-hhvm^ln fT , 
Sodium periodate (214 mg, l mmol) was added to 
a stirred solution of the thymidine diol prepared by the 
method of Example 21 (200 mg f 0.5 mmol) in THF-HgO (4:1 
ratio, 5.Q ml). After l hour, the reaction mixture was 
diluted with ethyl acetate (25.0 ml), washed with E^o (2 
25 x 5.0 ml) and brine and dried. The title compound was 

purified by flash chromatography with 70% ethyl acetate 
in hexane. 



EXAMPLE 23: Preparation of 5'-ft- / p -toluaneBulfonvll 
thymidine^ 

To a stirred solution of thymidine (20 g, 82.6 
mmol) in dry pyridine (200 ml) was added 
p-toluenesulfonyl chloride (47.2 g, 247.6 mmol) at o*c 
under nitrogen atmosphere. After 3 hours, the reaction 
mixture was poured onto ice and extracted with ethyl 
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acetate. The solvent was evaporated and the product was 
crystallized from a mixture of ethyl acetate and 
methanol. The title compound was a white crystalline 
solid obtained in 70-75% yield. 

EXAMPLE 24; Preparation of 5 ' -iQdo-5 '^deoaevthvraidine - 

To a stirred solution of the thymidine 
tosyiate (10,65 g, 26.9 mmol) prepared according to the 
Method of Example 23 in dry acetone (75 ml) was added 
sodium iodide (10 g, 66,7 mmol) and the mixture refluxed 
for 16 hours. The solvent was evaporated and diluted 
with ethyl acetate. The organic phase was washed with 
water (2 x^20 ml) and brine (10 ml) and dried with 
sodium sulfate. The title compound was crystallised 
from methanol as a white crystalline solid in 90-95% 
yield. 

EXAMPLE 25: Preparation of 3 '- o-t-butyldimethvl sill- 
s' -iodo-S'-dfeoiCT^vinidiTM*. 
To a stirred solution of the thymidine iodide 
(8.0 g, 24.7 mmol) prepared according to the method of 
Example 24 in dry DHF, was added imidazole (4.2 g, 61.7 
mmol) . After 5 minutes tert-butyldimethyl silyl 
chloride (4.47 g, 29*64 mmol) was added and the mixture 
25 stirred for 4 hours. The reaction mixture was then 

diluted with ethyl acetate (250 ml), washed with water 
(2 x 100 ml) and brine (50 ml) and then dried with 
sodium sulfate* The title compound was purified by 
flash chromatography using 60% ethyl acetate in hexane 
30 in 92% yield. 

EXAMPLE 26s ErgparatioiLOf^A-^ 

To a stirred solution of the 3'-0-t- 
35 butyldimethylsilyl-S^iodo-S'-deoa^thymidine (10*8 g, 20 



10 



15 



PAGE 72/1 09 * RCVD AT 811 112004 1 1:56:24 AM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CSID:+2155683439 * DURATION (mm-ss):25-34 



Aug-11-04 12:13pm From-Woodcock, Washburn 



+2155683439 



T-183 P 073/109 F-335 



- 53 - 



15 



^ I accor ^ to the tt ethpd of E^ple 25 in 

dry Dhf ( 50 ml) w « added 80diuB azlde ( 6Q 

and the „ ixture heatea at 0 . c for 12 t ^ ^ 

reaction fixture was diluted with ethyl acetate (200 mi, 
washed with water ( 2 x SO i, and brine (50 ^ ^ ^ 
dried with sodium sulfate. The title compound was 
purified by flash chromatography using 50% ethyl acetate 
in bexance in 90% yield. 

10 EXAMPLE 27: £reparat1nn nf 3 .- 0 ^-K Tni ^ Tr ^... |nnr1 

To a stirred solution of the thymidine *=?ide 
C5.0 g, 13.1 mmol) prepared according to the method of 
Example 36, in MeOH was added 200 mg of 10% Pd-c under 
nitrogen atmosphere. The nitrogen gas was then 
evacuated and replaced by hydrogen. The evacuation and 
replacement procedure was repeated twice and stirring 
was continued under i atmospheric pre 5S ure of hydrogen 
for 12 hours. The hydrogen was removed and the catalyst 
was filtered over a pad of celite and the solvent was 
removed under vacuum. The crude product was purified by 
flash chromatography using 5-10% MeOH in CHaCl 3 to give 
the title compound in 85-87% yield. 

25 EXAMPLE 28: Preparation nf l-m^.a^.^ 

d imethoyvit T tt Yl tlmnlillnr 
To a stirred solution of 3«-azido-3»- 
deoxythymidine (2,67 g f 10 mmol) in dry pyridine (so ml) 
was added 4-dimethylaminopyridine (61 mg # 0.5 mmol), 

30 triethylamine (1.9 ml, 14 mmol) and 4 , 4 • -dimathoxytrityl 

chloride (4.1 g, 12 mmol) in a sequential order. After 
3 hours, water (30 ml) was added and extracted with 
ethyl acetate (250 »1). The organic phase was 
separated, washed with brine (50ml) and driad with 

35 sodium sulfate. The title compound was purified by 



20 
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flash chromatography using 5% methanol in methylene 
chloride in so-S5% yield. 

EXAMPLE 29: Preparation of 3 1 -amino-3 ' -d eoxv-5 ' 
5 dimethoxytritvl thymidine. 

To a stirred solution of the thymidine azide 
(3.99 g, 40 mmol) , prepared according to the method of 
Example 28/ in MeOH was added 200 mg of 10% Pd-c under 
argon atmosphere. The argon gas was removed by vacuum 

10 and hydrogen was introduced* This procedure was 

repeated twice and stirring was continued under 1 
atmosphere of hydrogen pressure for 12 hours. Than 
hydrogen was removed and the catalyst was filtered over 
a pad of celite and the solvent was removed under 

IS vacuum* The crude product was purified by flash 

chromatography using 5% MeOH in methylene chloride to 
give the title compound in 90-93% yield. 

*H KMR (300 MHz, CDCl 3 ) 6 7.61 (s, 1 HJ , 7.60- 
7.21 (m, 1 H) 6.83-6*87 (m, 3 H) , 6.85 

20 (t, J=8,5 HZ, 1 H), 3.80 (S r 6 H>, 3.8l-3.73(m # 2 H) , 

3.53-3.49(m, 1 H) § 3-35-3, 33 (m, 1 H) , 2.36-2.33 (m, 1 H) , 
2.25-2.20 (m f l H) , 1.5l(s, 3 H) r IK neat vmax 3020, 
2962 , 1697, 1605, 1512, 1246, 1030 Cm" 1 . 

25 EXAMPLE 30: Preparation of 5^»>dime_thoxvtritvl-3-oL- 

t-butyldimethylsll yl thymidine- 
Dimethoxytrityl thymidine (5.0 g, 9.2 mmol) 
and imidazole (1*2 g, 18.4 mmol} were dissolved in is ml 
of anhydrous dimethyl formamide (DHF) and added to tert- 

30 butyl dimethylsilyl chloride (1.7 g, 11.5 mmol) . The 

reaction mixture was stirred for 4 hours at room 
temperature, diluted with ethyl acetate and washed with 
water, saturated sodium chloride and dried with sodium 
sulfate. A quantitative yield of the title compound was 

35 obtained* 
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EXAMPLE 31: Preparation ^^t-hn ^i^thv! ^ Tl 
thymidine , 

5 • -o-dimethoxytrityl-3 • -O-t-butyldimethyisilyl 
thymidine prepared according to the method of Example 30 
(0.7 g, 1.1 njnoi) „ as treated for i hour at room 
temperature vith X3 ml of a 3* solution of 
trichloracetic acid in methylene chloride. The reaction 
mixture was then neutralized with a 5* (w/v) sodium 
bicarbonate solution. The organic layer was dried with 
sodium sulfate. The title compound was purified by 
flash chromatography using a o to 30% gradient of ethyl 
acetate in methylene chloride. The yield of the 
reaction was 85%. 



10 



20 



15 EXAMPLE 32: Preparation of i'^^ wai.^ nMTl . 

deoxvthvTHrfftn*, 
To a well stirred solution of dry methylene- 
chloride at -78 -c was added oxalyl chloride (33.0 mmol, 
2. as ml) followed by the dropwise addition of OMSO{3.13 
ml, 44 mmol). After io minutes, the thymidine alcohol 
(5.6 g, 15.7 mmol), prepared according to the method of 
Example 31, in 20.0 ml of cBjClj was added dropwise over 
a period of 2 minutes and stirring continued for 45 
25 minutes. EtjM (8.1 ml, SB,i mmol) was added and 

stirring continued for another 30 minutes. The reaction 
mixture was then brought to -23 "C over a period of 30 
minutes. Then earbethosy methylene triphenylphosphorane 
(IO.94 g, 31.4 mmol) was added and the reaction mixture 
stirred for 12 hours at room temperature. The reaction 
mixture was then diluted with water (2 x 125 ml) and 
brine (50 ml) and dried (Na^O*) . The crude product was 
purified by flash chromatography using 20% ethyl acetate 
- hexane *♦ 40* ethyl acetate- hexane to give both the 



30 
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trans and cis isomers of the title compound in 3s 1 
ratio- The combined yield was about 72*76%* 

Data for trans compound* TR (neat) vmax 3205, 
3180, 2982, 2964, 1698, 1490, 1274 cm* 1 ; *H NMR(300 MHz, 
5 CDC1 3 ) £ 7-04 (s, 1 H) , 6*87 (dd, J=15.6 and 5,4 Hz, 1 

H), 6.23{t, J= 6,7 Hz, 1 H) , 6.03 
(dd, J- 15.6 and 1-6 Hz, 1 H) , 4-33-4.28 (m, 1 fl) , 
4.14(q, J= 71 HZ 2 HJ 4.16-4-12 (m, 1 H) 2.28-2.19 (m, 1 
H), 2.09-1.98 (m, 1 H) 1.S7 (£, 3 H) r 1.23 
10 {t, J=7.1 Hz, 3 H) , 0*81 (s f 9 H) 0.01 (s, 6 H) ; Calcd 

for Cjpfi^O^^Si; C, 56.58; H, 7,60; N, 6.60; Found: C, 
56.36; H, 7,30; N r 6.60. 

EXAMPLE 33; FreoaratioTi of 3 *H3-t-butvldimethy lsilyl~ 

15 5 \*carb.ethq>ryin&thvl-6 f -deoxythymid i ne - 

To a stirred solution of the unsaturated 
thymidine ester (4.24 g, 10 mmol) , prepared according to 
the method of Example 32, in EtOAc was added 200 mg of 
10% Pd-C under nitrogen atmosphere. The nitrogen gas 

20 was removed by vacuum and hydrogen was introduced. This 

procedure was repeated twice and stirring was continued 
under i atmospheric pressure of hydrogen for 16 hours. 
Then the catalyst was filtered over a pad of celite and 
the solvent was removed under vacuum. The product was 

25 crystallized from a mixture of hexane and ethyl acetate * 

The title compound was obtained in 95% yield. 

IR(neat) w&X 31B0, 2925, 2950, 1696, 1486, 
1260, 1240 cm* 1 ; 1 H NMR (300 MHz, CDClj) 3 7,20 (6, 1 H) , 
6*11 <t, 6.6=Hz, 1 H)_ 4.07 (q, J=7.1 Hz, 2 H) , 4.03 - 

30 3.98 (m r 1 H) , 3.73-7.69 (m, 1 H) , 2.51^2.32 (in, 2 H) » 

2-24-2.15 (m, 1 H) , 1.18 (t, J=7.1 Hz, 3 H) , 0.81 
(s, 9 H) r O.Dl (s, 6 H), 

Anal. Calcd for O^O^i: C, 56*31; H f 8.03; N, 6.57 
Found: C, 55-91; B, 7.74; N, 6.50. 

35 
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EXMfFLE 34: Proration «f I'ww^ , ^ ,,^. 

5 ' -dgoxv-thVinid-S-vn -e—^ flr h vir ^. 
To a stirred solution of the thymidine ester 
(3.41 g, 8 nmol), prepared according to th6 method of 
5 Example 33, in 60 ml of dry cH 2 Cl a at -78'C was added 

DiBAL-H (16.4 nl, 1.0 M solution in hexane, 16.4 mmol) 
dropwise over a period of 3 Bin. After 20 minutes, the 
reaction mixture was diluted with 300 ml of EtOAc and 
washed with 50 ml of saturated sodium potassium tartrate 
10 solution twice. The organic phase was washed with brine 

(25ml) and dried (NajSO*) . The title compound was 
purified by flash chromatography using 50%-70% ethyl 
acetate - nexane in 85-87% yield. 

15 EXAMPLE 35: Preparation of a deowthvintdin^ Hjm a r 

Having a ?'-C-c-K-s> intem ne i^^ f 
linkao» trim** a). 
35a. To a stirred solution of the thymidine 
amine from Example 27 (1.07 g, 3 mmol) and the thymidine 
aldehyde of Example 22 ( i.38 g, 3.6 mmol) in 50 ml of 
ethanol and 10 ml of aqueous buffer solution (pR - s.s, 
NaH 2 !>0 4 -NaOH) was added a solution of KaCSBH 3 in TflF (12 
mL, 1.0 K solution in THF, 12 mmol) dropwise at 5'c over 
a period of l hour. The reaction mixture was stirred 
for another 4 hours and diluted with 2.50 ml of ethyl 
acetate. The reaction mixture was washed with water (2 
x 40 ml) and brine (25 ml) and dried (Na^O,) . Compound 
1 (Figure 6) was purified by flash chromatography by 
first eluting with ethyl acetate followed by 5-*8* MeOH- 
30 CH 2 ci3 in 62-64* yield. 

I H KKR (300 MH2, CDC1 3 ) S 7.60 (s, 1 H) , 7.19 
(b, 1 H), 6.18 (t, tf-6.6 Hz, 1 H), 6.08 
It, J-3.9 H2 # 1 H), 4.29-4.23 (m r 1 H) , 4.15-3.98 
(n, 1 H), 3.91-1.85 (m, 1 H) , 3.70-3.7S (m, 2 H) , 2.95- 
35 2.87 (m, 1 H) , 2.84-2.66 (m, 3 H) , 2.35-2.05 (n, 5 H) , 



30 
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1.94 {S f 3 H) f 1.93 (s, 3 H), 1.80-1.63 (m, 1 H ), 1-55- 
1-45 (m, 1 H) , 0.93 (5, 9 H) , 0.69 (s, 9 H) , 0.11 
(s, 6 H), 0.07 (s, 6 H). 

35b. Compound 1 (Figure 6) (166 mg, 0.23 
5 mmol) was added to a stirred solution of trifluoroacetic 

anhydride (0.32 ml, 2.3 mmol) and triethylamine (0,64 
ml, 4.6 mmol) in CH 3 ci 2 (5*0 ml). After 2 hours, the 
reaction mixture was quenched with aqueous KaHCO^ (5,0 
ml) and diluted with EtOAc (25ml) . ttie organic phase 
10 was washed with water (2 x 10 ml), brine (5 ml) and 

dried (Na 3 so 4 ) . compound 2 (Figure 6) was purified by 
flash chromatography using 7% MeOH in CH 2 C1 2 in 91-93% 
yield. 

35c- To a stirred solution of Compound 2 (164 
15 mg, 0,2 mmol) in.tBF (4 # o ml) was added tetrabutyl- 

ajmnonium fluoride (0.8 mmol) at O'C. After 2 hours, the 
solvent was evaporated and Compound 3 (Figure 6) was 
purified by flash chromatography using 5%-8% HeOH in 
. . ch 2 ci 3 in 90% yield. 

20 35d. To a stirred solution of Compound 3 (151 

mg, 0*26 mmol) in dry pyridine ( 3.0 ml) was added 
4,4-dimethylaminopyridine (1*6 mg, 0.0128 mmol) and 
triethylamine (0.057 ml, 0*42 mmol). After 5 minutes, 
dimethoxytritylchloride (121 mg, 0*358 mmol) was added 

25 and stirring continued. After 2 hours, the reaction 

mixture was diluted with ethyl acetate (25 ml) and 
washed with water (2 x 10 ml) , brine (5 ml) and dried 
(Na 2 so 4 ) ♦ The crude product was purified by flash 
chromatography using 7% MeOH in CH 2 C1 2 to give Compound 

30 4 (Figure 3) in 85-37% yield, 

35e. Dry diisopropyl ethyl amine (0.15 ml, 
0.67 mmol) was added to Compound 4 (150 Jug, 0-168 mmol) 
followed by dry CH 2 C1 2 roll* Then the flask was 
shaken to dissolve the alcohol and 2-cyanoethyl- 

35 N,N-Hiiisopropylchlorophosphoramidite (0.056 mL, 0.25 
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ftmol) was added over a period of 20 seconds. After 45 
minutes, the reaction fixture was quenched with (m 3 0K 
(l.o ml), diluted with EtOAc (50 ml) and Et^ (i.o ml), 
washed with 10% aqueous XjCO, (2 x 5.0 ml), followed toy 
brine (5.0 ml) and dried (Na^O,) . The crude product 
was purified by flash chromatography using EtOAc to give 
Compound 5 (Figure 6) In 70-75% yield. 

example 36, Preparation of a ^vy^^^ . ni my 

36a. To a stirred solution of the amine of 
Example 29 (2.72 g, 5 mmol) and the aldehyde of Example 
34 (2.29 g, 6 mmol) in 50 ml of ethanol and lo ml of 
15 aquepus buffer solution ( P H - 5.5, NaHjPc-NaoH) was 

added a solution of NaCHBH 3 in thf (i am i, 1#0 M solution 
in THF, 12 mmol) dropwise at 5*c over a period of 1 
hour. The reaction mixture was stirred for another 4 
hours and then diluted with 2S0 ml of ethyl acetate. 
The reaction mixture was washed with water (2 x 60 ml) 
and brine and dried (Wa 2 SO«) . Compound 1 (Figure 7) was 
purified by flash chromatography by first eluting with 
ethyl acetate followed by 5% MeOH-CH 2 Cl 2 . Compound 1 
(Figure 7) was obtained in 72-74* yield. 

'h JJMR (300 MHz, CDCI3) 6 7.S6 (m, 1 H) , 7.36- 
7.34 (m, 2 H), 7.29-7,15 (m, 8 H) , 7.03 (s, 1 H) , 6.77 
(m, 3 H), 6.20 (t, J-6.0 Hz, 1 H), 6.08 
(t, J-6.7 «z r 1 H) 4.01-3.97 (m, 2 H) , 3.84-3.72 
(mr 1 H), 3.72 (s, 6 H), 3.71-3.63 (m, IB), 3.48-3,32 
30 (a, 2 H), 3.30-3.22 (m r 1 H) , 3.48-3.32 (m, 2 H) , 3.30- 

3.22 (m, 1 H ), 7.52 (m, 2 H) , 2,27-2.14 (m, 3 H) , 2.08- 
1.97 (m, 1 H), 1.83 (a, 3 H), 1.67-1. 48 (m, 3 H) , 1.43 
(5, 3 H), 1.22-1.15 (m, 1 H) , 0.82 (s, 9 H) , 0.01 
(s, 6 H). 



20 
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36b. To a stirred solution of trifluoroacetic 
anhydride (0.32 ml, 2*3 Hanoi) and triethylamine (0,64 
ml, 4.6 mcmol) in CH 2 Cl 2 (5.0 ml) was Added Compound 1 
(Figure 7) (2X0 mg r 0,23 mmol)* After 2 hours, the 
5 reaction was quenched with aqueous NaHC0 3 (5,0 ml) and 

diluted with EtOAc (25 ml) - The organic phase was 
washes witt water (2 x 10 ial), brine (5 ml) and dried 
(NaaSO*) * Compound 2 (Figure 7) was purified by flash 
chromatography using 7* McOH in CH 2 C1 2 « Compound 2 was 

10 obtained in 89-91% yield. 

3 Go. To a stirred solution of Compound 2 
(150 mg, 0.2 mmol) in THF (4.0 ml) was added 
tetrabutylammonium fluoride {0*4 ml f 1,0 M solution in 
the THF, 0.4 mmol) at 0*C, After 2 hours, the solvent 

15 was evaporated and the product was purified by flash 

chromatography using increasing polarity, 5-8% MeOH, in 
C%C1 2 to give Compound 3 (Figure 7) in 89% yield. 

36d. Dry diisopropyl ethyl amine (0.15 ml, 
0*67 umiol) was added to Compound 3 (150 mg, 0.16B' mmol) 

20 followed by the addition of dry CH 2 C1 3 (0*5 ml) - Then 

the flask was shaken to dissolve the alcohol and 2- 
cyanoethyl-H, N-diisopropylchlorophosphoramidite ( 0 • 056 
ml, 0»25 mmol) was added over a period of 20 seconds. 
After 45 minutes the reaction mixture was quenched with 

25 CH 3 0H (0.1 ml) and diluted with EtOAc (50 ml) and EtJX 

(1.0 ml) and washed with 10% aqueous K 2 CQ 3 (2 x 5-0 ml), 
and brine (5.0 ml) and dried (Na 2 S0 4 ) . The product was 
purified by flash chromatography using EtOAc to give 
Compound 4 in 70-75% yield. 

30 

EXAMPLE 37: Synthesis -of aepjcvthvmidifte olig^Qr.fi 

The thymidine-dimer phosphoramidite compounds 
35 produced by steps a-d above were used in a modified 
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10 



15 



30 



35 



solid phase phosphorate synthetic procedure to „ aIre 
the oligonueleoside sequences of Table 2. 



SeaueTjcg 

B* TpTpTpTpTpTpTpTp [ TnT J pT 3» 
5 ' TpTpTp*TpTp [TnT] pTpTpTpT 3* 
5' [ TnT ] pTpTpTpTpTpTpTpTpT 3» 
T= thymidine 

o 

I! 

n« 3 '-N-c-C-s » 



Ref. gorift 
4 
5 
6 



The oligodeoxyhucleoside sequences were synthesized fro* 
the 3' to the 5' terminus. 

20 *** lniti *l etep was the attachment, via a 3.- 

succinate linkage, of a 5'-dimethexytrityl 
deoxythymidine to a CPS support. The 5--0- 
dimethoxytrityl group of the attached thymidine was 
reacted witft trichloroacetic acid to deprotect the 5-- 
hydroxy! group. 

Chain elongation then proceeded via the 
standard sequential steps of deproteetion, activation, 
capping and oxidation with the modification that an -N- 
c-C- linKed thymidine dimer, prepared according to the 
methods of Examples 30-37, was added in the chain wh«re 
desired during an activation step. 

At the end of chain assembly, the thymidine 
oligomers were removed from the CFG support with 
concentrated ammonium hydroxide. The. solution was then 
further treated at 55 -C for 8 to IS hours to remove all 
the protecting groups on the exoeyclic amines of the 
bases. 
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EXAMPIaE 38: Preparation of TetraethYleneqlycol- 
terminated Anti-RAS oncogene pNft- 
38a. Preparation of dimethoxytrityltetra- 
etbyleneglycol (dmtteg) 
5 An excess of tetraethyleneglycol TEG (about: 

100 ml} was admixed with about 7 ml (5.1gr 40 mmols) of 
Hunig*s base in a round bottom flask. About 3*08g (10 
mmols) of dimethoxytrityl chloride (DHTCl) was added to 
the TEG admixture and the DWTCl-TEa mixture maintained 
10 with constant stirring at room temperature (about 25*c) 

for about s to 12 hours to form DMTTEG- 

38b- Preparation of 
dimethoxytrityl tetraethylene^lyeoleyanophosphine 
(DMTTEGCP) * 

15 Six grams of the DMTTEG from step (a) was 

admixed with 20 ml of dry dichloromethane* About 6.2 ml 
of Huhig's base was added to the admixture, followed by 
the dropvise addition of a chlorophosphine mixture to 
form DMTTEGCP* The chlorophosphine mixture was prepared 

20 by dissolving l.67g of 2-cyanoethyl N,N- 

diisopropylchlorophosphoramidite in 5 ml of dry 
dichloromethane * 

38c. Preparation of TEG-terminated Anti-RAS 
oncogene DKA. 

25 The oligodeoxynucleotides of Table 3 were 

prepared according to a modified solid phase 
phosphoramidite method. GAIT, supra . The 
oligodeoxynucleotides were synthesized from the 3* to 
the 5* terminus. 

30 
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Table 3 

Sequence 

5» X GGA GCT GOT GGC GTA X (A) 3* 
5* XX GGA GCT GGT GGC GTA XX (A) 3 1 
5 5 » X CCT CGA CCA CCG CAT X (A) 3 1 

5» XX CCT CGA CCA CCG CAT XX (A) 3 1 
5 1 CCT CGA CCA CCG CAT 3 1 
X is T£G 

A, c, G fi T represent the deoxynucleotides adenylic , 

10 cytidylic, guanidylic and thymidylic acids, 

respectively. 

Either the nucleoside adenosine (7, a, 9, 10) 
or thymidine (11) vas attached to a CFG solid support 
using a succinate linkage. GAIT, jgypja* The synthesis 

15 of 11 proceeded in accordance with standard solid phase 

phosphoramidite procedures. In sequences 7, 8, 9 and 
10, synthesis proceeded in accordance with a modified 
phosphoraroidite procedure. The 5* hydroxyl group of the 
attached adenosine nucleoside was reacted with 

20 trichloroacetic acid to deprotect the 5 1 hydroxyl group. 

Following this deprotection step, the attached adenosine 
nucleoside was reacted with the activating agent f 
tetrasole, and a phosphoramidite reagent comprising 
DMTTEGCP, prepared by the processes of steps a and b 

25 above* The activation step was followed by the capping 

of unreaeted 5 1 hydroxyl groups with acetic anhydride 
and N-uethylisiidazole. The phosphorous linkage was then 
oxidized with iodine in accordance with standard 
procedures. 

30 in sequences 8 and 10, containing two TEG 

residues, the deprotecting, activating, capping and 
oxidizing steps were repeated as described above* Chain 
elongation proceeded via the sequential steps of 
deprotection, activation, capping and oxidation as 

35 described above with the modification that the desired 



7 
8 
9 
10 
11 
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nucleoside phosphoramidite reagent vas substituted for 
the DMTTBGCP during the activation step* Following 
attachment of the last desired nucleoside, either one or 
two TEG residues were attached at the 5 V terminal in a 
5 manner analogous to the attachment of TEG at the 3* 

terminus* 

At the end of chain assembly, the DNA strand 
vas removed from the CFG support with concentrated 
ammonium hydroxide. The solution was then further 
10 treated at 55 *C for 8 to 15 hours to remove all the 

protecting groups on the exocyclic amines of the bases. 

EXAMPLE 39: Preparation, of herefrtftylgneglycojL fBEg)- 
terminated anti-~KAS oncocrene^DNA^ 

15 Hexaethyleneglycol (HEG) terminated anti-RAS 

oncogene DNA was prepared according to the methods of 
Example 38- HEG was reacted with DMTC1 to form DMTHEG. 
The DMTHEG vas then reacted with a cyanophosphine 
compound to form DMTHEGCP, which vas used in the 

20 modified solid phase phosphoramidate synthesis method of 

Example 38(c) to form HEG-terminated anti-RAS oncogene 
DNA* The sequences of these oligonucleotides are set 
forth in the following Table 4. 

Tablet 

25 Sequence 

5' X GGA GCT GGT GGC GTA X {A)3» 
5' XX GGA GCT GGT GGC GTA XX (A)3» 
5" X CCT CGA CCA CCG CAT X {A)3* 
5 1 XX CCT CGA CCA CCG CAT XX (A)3 f 

30 5' CCT CGA CCA CCG CAT 3 1 

X is .HEG 

A r C, G & T represent the deoxynucleotides adenylic, 
cytidylic, guanidylic and thymidylic acids, 
respectively- 
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EXAMPLE 40= MBelftW Resistant »f n^^j^ tH 
Anti-RAS Oncogram* npfl 
The oligonucleotides of Table 4 were dissolved 
in water. DNA concentrations were then determined by 
5 measuring the absorbance of samples at 26Q nm (on a 

Perfcin Elmer Lambda 4C Spectrophotometer at ambient room 
temperature) and using calculated extinction 
coefficients [method of Cantor and Warsaw, crc n^p ^ 
<?t BiOOhnFiistrv and Molecule A^ ly gy , 3rd , edt Vol# lf 
10 CRC Press, page 589 (1975)]. 

The oligonucleotides wore incubated for 2 
hours at 37* c at a total strand concentration of 6 or 7 
MM in cell culture medium containing RPMI 1MQ; 20 mM N- 
(2-hydroxyetbyl) pipera*ine-N'-(2-ethanesuifonic acid) , 
15 p% 7,4- and 10* fetal calf serum (FCS) (GIBCO 

laboratories, Grand Island, NY) « The FCS was heat 
inactivated at 55'C for 0,5 hour prior to use. Samples 
vere then placed on ice and deproteinized using five 
extractions with 24:1 chloroform iisoamyl alcohol. 
Samples were either stored frozen at -20 *c or 
immediately loaded onto a refrigerated (4-C) WISP 
(waters) hplc autoinjector* 

Oligonucleotide hydrolysis wan quant itated by 
determining the amount of disappearance of the parent 
compound. Oligonucleotides (from the reaction mixture) 
were separated on an LKB Ultrachrome GTi dual pump 
chromatography system equipped with a fixed wavelength 
detector (260 na) , and recording integrator, using a 
GenPafc FAX (Waters) anion exchange column equilibrated 
30 in Buffer A (lnOt EDTA; 15 nW sodium phosphate, pH 8.5) ♦ 

Column temperature was maintained at 60 'C using a waters 
column oven- Fifty microliter sample injection volumes 
were used. The oligonucleotides were eluted using a 
linear gradient of o* to 100* Buffer B (Buffer A 



20 



25 
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containing .0-5 M NaCl) over 60 minutes- Buffer flow 
rate was 1 mL/min. 

Following incubation (2 hrs) in the presence 
of fetal calf sensa-associated exonuclease, no 
5 degradation of compounds. 7 or 10 was observed (Table 5, 

see % degradation of major peak) * During a similar 
incubation period, 87.0% and 82*1% of 9 and 8, 
respectively, remained. In comparison, only 24.7% of 
oligomer ll remained after the same incubation period. 



10 IfrM-eJ 

SAMPLE ID AREA-MAJOR AREA-MAJOR % DEGRADATION 

PEAVO-0 KIN PEAK/2.0 fiR MAJOR PEAK 

7 0*2325 0*3663 0-0 
15 Si 0.3744 0-32S8 13-0 

8 0*2164 0*1777 17*9 

10 0.3642 0.3697 0-0 

11 1.2861 0*3177 75.3 

20 All four TEG-oligomers were resistant to hydrolysis 



by the FCS-associated exonucleases . The bis-diTEG- 
oligomers (7 and 10) appeared to be completely resistant 
to hydrolysis- TBG-derivatized oligodeoxynucleotides 
represent significant improvements over unmodified 
25 compounds in terms of resistance to exonuclease 

hydrolysis* 

EXAMPLE 41: Abilitv of TEG-Antisense Oligomers to 

InhibitLJgrotein Expression, a nd 6rowth in 
30 Human Tum or Cell Lines_amjUEB& 

pt jTnulafcion of Peri pheral Blood 
frvmphocvtes . 

It has been demonstrated by others (Heikfcila, R- 
et al*; Nature , 328: 445*449 , 1987) that unmodified 
35 antisense oligonucleotides directed towards the 

initiation eodon region of the c-myc oncogene could 
inhibit the expression of c-mye protein in PHA 
stimulated peripheral blood lymphocytes (PBL) resulting 
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in a block in the progression of cells into the s-phase 
of the cell cycle. C-nyc directed ant i sense DNA was 
also shown to inhibit the growth of HL-60 human 
erytholeukemia cells in vitro (Wickstrom, E.L, , et al, , 
5 PTQEt WfltlT.,ftqat3t S?ii V$K, 85:1028-1032, 1988). The 

sequences shown in Table 6 were prepared and evaluated 
by the procedures of Example 41a and 41b. 

10 5 1 AAC GTT GAG GGG CAT 3» 

5* XX AAC GTT GAG GGG CAT XX A 3 f 
(X TEG) 

15 

4ia » Comparison of the Effect of Modified (with 
TEG) and Non-Kodif ied C-MYC Antisense DNA on the 
Progression of PHA Stimulated PEL into the S-Phase of 

20 the Cell cycle. 

Human PEL's were stimulated with PHA for 48 hours 
in the presence or absence of the antisense 
oligonucleotide sequences of Table 6* The percent of 
the population of cell* in each treatment group in the 

£5 S-phase of the cell cycle as compared to the nonrtreated 

control was determined using standard flow cytometric 
techniques. The results are shown in Table 7, 



30 



35 



TABLE 7 

OLIGONUCLEOTIDE CONCENTRATION %CONT£OL 
ftM\ BIPHASE 

NONE 100 

5' AAC GTT GAG GGG CAT 3' 30 75 ± € 

60 9 ± 10 



40 5' XX AAC GTT GAG GGG CAT XX A 3 1 30 80 ± 4 

60 < 6 
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The data show that the presence of TEG at both the 
3' and 5" termini does not alter the inhibitory effect 
of the antisense DNA* 

5 41b. Comparison of the Effect of Modified (vith 

TEG) and Non-Modified C-MTC Antisense DNA on C-MYC 
Protein Expression in MOLT-4 Human T-Cell Leukemia 
Cells, 

Asynchronous exponentially growing Molt-4 cells 
10 were incubated for 8 hours in the presence or absence of 

60 iM c-myc directed antisense DNA, The cells were then 
incubated for 45 minutes in the presence of ^S- 
methionine and the content of c-myc protein guantitated 
using radioimmunoprecipitation with a c-myc antibody* 
15 The results are displayed in Table 8* 

E ftBLE 8 

^REDUCTION 

OLIGONUCLEOTIDE CONCENTRATION C-MYC 
20 . fiM) Fft9T$IN 

NONE 0 

5 1 AAC GTT GAG GGG CAT 3 1 60 61*0 ±2.6 



25 



5 1 XX AAC GTT GAG GGG CAT XX A 3 1 60 67.9 ± 0.7 



The TEG containing antisense DNA was slightly more 
30 potent than the unmodified antisense DNA* 

41c. Comparison of the Effect of Modified (with 
TEG) and Unmodified C-MYC Antisense DNA to inhibit the 
Growth of Human CCEF-CEM T-Cell Leukemia Cell Growth in 
Vitro - 

35 Asynchronous exponentially growing CCRF-CEM cells 

were incubated for 43 hours in the presence or absence 
of antisense DNA and then cell numbers determined in 
each treatment group. The concentration of antisense 
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DNA required to inhibit cell growth by 50% was then 
determined (ICjq) * Both of the modified and non- 
modified antisense DNAs of (Table 5 displayed 
approximately equivalent (IC^) concentrations of 40/iM- 
5 These data demonstrate that the presence of TEG at 

the 3 1 and 5 1 termini of antisense DNA does not affect 
the ability of ouch antisense DNA to hybridise with and 
inhibit the function of target nucleic acids, 

10 EXAMPLE 42: Additional Eranuclea se Stable 

QligpngglfflrtidesM 
The exonuclease stable digonucleotides set 
forth in Table 9 were prepared according to the methods 
of Example 38. 

IS 
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Table 9 

5 9 XX A-ACG-TTG-AGG-GGC-ATX-XA 3' 
XX GCC-CGC-CTC-GGT-CCC-CGC-CCX-XA 
5 XX GGG GCG GAG TTA GCC GCG GCG GGX XA 

XX GGG-GAG-GAG-GGA-GGG-GAG-GGA-XXA 
XX GGG-GAG-GTG-G6T-GGG-GAG-GGT-XXA 

AAG GTT GAG GGG CAT XXA 
X AA-CGT-TGA-GGG-GCA-TTX-A 

10 XX TTC-GCT-TAC-CAG^AGT^XXA 

XX GCG-GGA-GGC-TGC-TGG-XXA 
XX GGA-GGC-TGC-TGG-AGC-XXA 
XX CAA-GTT-CAT-AGG-TGA-TTG-CTC-XXA 
AL-CAC-TCC-TTT-AGC-AAG-XXA 

15 AL-GAA-CGA~TTT-CCT-CAC>XXA 

XX CTC-ACT-GCC-GCG-CAT-XXA 
XX GGG-TCT-TCG-GGC-GAT-XXA 
XX GTC-GAC-CGG-TTOCAT-XXA 
XX TGT-AAC-TGC-TAT-AAA-XXA 

20 XX GTT-CCT-CGT-CTT-TAA-XXA 

XX TAC-TGC-CTT-ATA-TTC-XXA 
XX TAC-TGA-CTT-ATA-TTT-XXA 
XX TTT-ATA-TTOAGT-CAT-XXA 

XX TGG-GGA-GGG-TGG-GGA-6GG-TGG-GGA-AGG-XXA 
25 XX CTT-ATA-TTC-CGT-CAT-XXA 

XX TAA-CGC-CTA-TTC-TGC-XXA 

XX CGT-CTT-ATC-CGC-AAT-XXA 

XX TTG-CTC-TCC-TCT-GTC-XXA 

XX CTG-TCT-CCT-CTC-GTT-XXA 
30 XX ATC-TAC-TGG-CTC-CAT-XXA 

XX TAC-CTC^GGT-CAT-CTA-XXA 

XX ACA-CCC-AAT-TCT-GAA-ATG-GXX-A 

XX GGT-AAA-GttC-TTA-ACC-CAC-AXX-A 

XX TAC-GGG-GAG-TOG-CAA-XXA 

35 

X is TEG 

As will be apparent to those skilled in the 
art, many variations and modifications may be made 
40 without departing from the spirit and scope of the 

present invention* 
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WE CIAIK: 

1- A compound comprising an oligonucleotide 
sequence of from about 6 to about 200 bases having a three 
atom intemucleoside linkage of the formulas 



where each D is independently CHR, oxygen or KR* vherein 
S is independently hydrogen, OH, SB or NH 2 , wbarein R* is 
hydrogen or C^Cj alkyl, vlth the proviso that only on* D 
is oxygen or NR 6 . 

2. The compound according to claim 1 which has 
a ctiol at cither or both termini. 

3. The compound according to claim I vherein 
the diol is tetraethyleneglycol or hetfaethyleneglycol „ 

4. & compound comprising an oligonucleotide 
sequence of the formula: 



D-D-D-; 
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where w is -D-D-D- wherein each D is independently CHR, 
oxygen or HE 6 , wherein It is independently hydrogen,. OH, 
SH, or KH 2( fc 6 is hydrogen or C,-C 2 *l*yl, with the proviso 
that only one D is oxygen or HE*; 
each W 1 is independently w or 0 

k 

each E 1 is independently OH, SH, NITR* wherein R* and R 3 are 
independently hydrogen or Cr*k a 1 ** 1 or ***** wherein K 4 is 

each y is independently H or OH; 

each B is independently adenine, cytosine, guanine, 

thymine, uracil or modifications thereof; 

j is an integer from l to about 200; 

k is 0 or an integer from 1 to about 197; and 

q is O or an integer from 1 to about 197, with the proviso 

that the sun of j + k + q is from about 4 to about 200. 

5. A compound comprising an oligonucleoside 
sequence of from about 6 to about 200 bases having the 
formula : 



v 

_w — Z 



PAG 
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where each 2 is independently R' or 

0 O 

1 I 

(HCHJpOU 0) e ([(CR) p .O] r P-0) r; 

Is lo U 'e 

R O R 0 

where W is -d-d-D- wherein each D is independently GBR, 
oxygen or NR*, wherein R is independently hydrogen, oh, sh 
or NH 2 , R* is hydrogen or Cj-Cj alkyl, with the proviso 
that only one D is oxygen or mf; 

each W is independently W or 

o 
8 

each R 1 is independently OH, SH f WrV wherein R 2 end R 3 are 
independently hydrogen or C,-c* alkyl or NHR* wherein R 4 is 
C,-C l3 aeyl; 

each R 5 is independently hydrogen or C,-C l2 alkyl; 
each y is independently H or OH; 

each B is independently adenine , cytokine, guanine, 

thymine, uracil or a modification thereof; 

each e and l is independently en integer from 0 to 50, 

with the proviso that at least one of e and t be at least 

l; 

j is an integer from 1 to about 200; 

Jc is o or an integer from l to about 197; and 

each m and n is independently an integer from 1 to 200; 

each p is independently 2 to 4? and 

g is 0 or an integer from 1 to about 197, with the proviso 
that the sum of j + k + g is from about 4 to about 2 00. 

6. A nuclease resistant compound comprising an 
oligonucleotide sequence of from about 9 to about 2QQ 
bases having a diol at either or both termini. 
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7. A compound according -to claim £ wherein the 
diol is hexaethyleneglycol or tetraethyleneglycol- 

8. A compound comprising an oligonucleotide of 
the formula: 

O O D 

II I II 

R- ([(CH) p 0] B -P- £>) e ([(CH) p O] a -P- O) f [oligo (H)J(O -P- 

i 1° h J* A° 

o 
U 

R O e 

where R is OH, SB, NrV wherein R* and R 3 are 
independently hydrogen or C a -C 6 alfcyl, or NHR* wherein R 4 
is d-C^ acyl: 

R 1 is hydrogen or Cj-C^ alkyl; 

oligo (W) is native or modified oligonucleotide sequence 
of from about 9 to about 200 bases; 

each e and f is independently 0 to 50 , with the proviso 
that at least one of e and f he at least l; 
each m and n is independently 1 to 200; and 
each p is independently 2 to 4* 

9* A compound comprising an oligonucleotide of 
the formula: 

0 9 

B I 

R- [(CH;CH.0) m -P- 0] c [oligo(N))[0 -p- {OCHjCH,),,], -R; 

'e le 
o & 

where R is OH f £H, NfcV wherein R? and R 3 are 
independently hydrogen or C,-^ alKyl, or NHR 4 wherein R 4 
is Ci-c^ acyl? 



PAGE 94/109 * RCVD AT 8/1 1/2004 1 1 :56:24 AM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 * DH1S:8729306 * CSID:+21 55683439 * DURATION (mm-ss):25-34 



Aug-1 1-04 1 2 ' 1 8pm F rom- Woodcock , Washburn 



+2155683439 



T-183 P. 095/1 09 F-335 



-75- 

oligo N is an oligonucleotide sequence of from about 9 to 
about £0 bases; and 

e and f are independently 0 to 50, with the proviso that 
at least one of e and f be at least one* and 
in and n are independently o to 200 vith the proviso that 
at least one of in and n be 1 to 200 

10* A method of inhibiting nucleate degradation 
or .compounds comprising preparing oligonucleotide 
sequences of from about 6 to about 200 bases having a 
three atom intemucleoside linkage of the formula: 

where each D is independently CHR, oxygen or KR 6, wherein 
R is independently hydrogen, OH f sh or NH 2 , R* is hydrogen 
or Cj-c 2 alfcyl, with the proviso that only one D is oxygen 
or KE*. 

11. *rhe method according to Claim 10 wherein 
the oligonucleoside sequences have the formula; 
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where w is -fc-D-D- wherein each D is independently CHR, 
oxygen or wherein H is independently hydrogen, OH, SH 
or hh 2/ R* is hydrogen or C,-C 2 alkyl, with the proviso 
that only one D is oxygen or tf£*; 

each w 1 is independently W or O 

ii 

-0-P-0-; 

A* 

each R 1 is independently OH, SH t mfe? wherein R ? and J?? are 
independently hydrogen or C,-C* alkyl or NHR 4 wherein R 4 is 
Cx-C^ acyl? 

each y is independently H or OH; 

each £ is independently adenine, cytosine, guanine , 

thymine, uracil or modifications thereof; 

3 is an integer from \ to about 200; 

k is O or an integer from 1 to about 197; and 

g is O or an integer from 1 to about 197 , with the proviso 

that the sum of j + k + g is from about 4 to about 2 00, 

12* A method of stabilising nucleotide oi 

oligohucleoside sequences comprising attaching a diol to 

either or both termini of said nucleotide or 
oligonucleoside sequence. 

13. A method according to claim 12 wherein a 
trityldiolcyanophosphine is used to protect the 5 1 
terminus of said compound* 

14 ♦ A composition useful for inhibiting gene 
expression comprising a physiologically acceptable carrier 
and a compound comprising oligonucleoside sequences of 
from about 6 to about 200 bases having a non-phosphate 
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containing three atom interaucleoside linkage of the 
formula: 

where each D is independently CHR, oxygen or KR 6 ' wherein 
R is independently hydrogen, OH, SH or m 2 , R* i* hydrogen 
or Cj-C2 alkyl, with the proviso that only one D ie oxygen 
or NR 6 . 

15. The composition According to claim 14 
wherein the cligonuelcoside sequence has the formula: 




where W is -D^D-D- wherein each D is independently CHR, 
oxygen or NR* f wherein R is independently hydrogen, OH, SH 
or NH 2 , R* is hydrogen or Cj*-C 2 alkyl, with the proviso 
that only one D is oxygen or MR 4 ? 
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each w* is independently hot o 

if 

each R 1 is independently OH, SH, HR*R* wherein R* and R*are 
independently hydrogen or Cj-Qj alfcyl or KHR 4 herein R 4 is 
C,-C 12 acyl; 

each y is independently H or OH? 

each B is independently adenine, cytosine, guanine, 

thymine, uracil or modifications thereof? 

j is an integer from l to about Jroo; 

k is o or an integer from 1 to about 197; and 

g is O or an integer from 1 tp about 197, vith the proviso 

that the sum of j + k + g is from about 4 to about 200- 

15* A composition useful for inhibiting gene 
expression comprising a nuclease resistant compound 
comprising an oligonucleotide sequence of from about 9 to 
about 200 bases having a diol at either or both termini 
and a physiologically acceptable carrier, 

17. A composition according to claim 16 wherein 
the diol is hexaethyleneglycol or tetraethyleneglycol . 

IS. A composition according to claim 16 vherein 
the compound comprises an oligonucleotide of the formula: 

co o 

fl 0 i 

r~ (t(CH) p o] ffl -P- o),(t(CH)pO] n -P- 0),toUgo (N)](0 -P- 

R 1 . 0 e R O e O 

0 

[{CH) p ou e (o -P- [0{CH)p] ffi ) f -R; 
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where R is OH, £H, nr¥ wherein R 3 Bn d are 
independently hydrogen or C,-C, alkyl, or NHR< wherein R 4 
is C|-c 12 acyl; 

R 1 is hydrogen or C^C^ alkyl ; 

oligo (N) is native or aodified oligonucleotide sequence 
of from about 9 to about 200 bases; 

each e and f is Independently 0 to 50 , with the proviso 
that at least one of c and f be at least l* 
each a and n is independently l to 2oo; and 
each p is independently 2 to 4. 

19. A method of inhibiting gene expression in 
a mammal in need of such treatment comprising 
administering to said mammal an effective amount of a 
compound comprising an oligonucleoside sequence of from 
about 6 to about 200 bases having a three atom 
internucleoside linkage of the formula: 

where each D i* independently CHR, oxygen or NR*' wherein 
R is independently hydrogen, OH, SH or «H 3 , wherein R fi is 
hydrogen or C,-<^ alkyl, with th* proviso that only one p 
is oxygen or NR*. 
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20. The Bethod according to claim 19 wherein 
the oligonucleotide sequence has the formula: 




where W is -D-D-D- wherein each D is independently CHR, 
oxygen or KR% wherein R is independently hydrogen, OH, £H 
or KHi, * 6 is hydrogen or Q r c 2 alkyl, with the proviso 
that only one D is oxygen or Kit*? 
each tt 1 is independently W or 0 

-O-P-O- ; 
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each R 3 is independently OH, SB* KkV wherein R 2 and ft 3 are 
independently hydrogen or C a ~c* alkyi or NHR 4 wherein R 4 is 
C 3 -C 12 acyl; 

each y is independently H or OH; 

each B is independently adenine, cytosine, guanine, 

thymine, uracil or Modifications thereof: 

3 is an integer from 1 to about 200; 

k is o or an integer from 1 to about 197; and 

g ic o or an integer from 1 to about 19? f vith the proviso 

that the sum of j + Jc + q is from about 4 to about 200. 

21. The method according to claim 2D wherein 
the compound has a diol at either or both termini. 

22. A method according to claim 19 wherein the 
compound comprises an oligonucleotide of the formula 

9 9 ° 

■ 8 II 

R- fKCH) p 0] m -P- 0) c C[(CH)pO3 D -P- 0) f [Dligo (W) ] (O -P- 

o 

II 

r(CH) t O] D ) r (0 -F- I0(CH) p ] D ) f -R; 



3 



are 



where R is oh, sh, nr^r 3 wherein R 7 and R ; 
independently bydrogen or Cj-C* alfcyl, or MHR 4 wherein R 4 
is C 3 -Cu acyl; 

R 1 ic hydrogen or Cj-C^ alfcyly 

oligo (N) is native or modified oligonucleotide sequence 
of from about 9 to about 200 bases; 

each e and f is independently 0 to 50, with the proviso 
that at least one of e and t are at least 1; 
each m and n is independently 1 to 200; and 
each p is independently 2 to 4. 
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23 . A compound comprising a nucleoside diner 
of the formula t 




vhere W is -D-D-D- wherein each D is independently CHR, 
oxygen or N** f vherein H is independently hydrogen, OH, SH 
or NH 2l R* ie hydrogen or Cj-Qz alkyl, vith the proviso 
that only one D is oxygen or HE 6 ' 

each B is independently adenine, cytosine, guanine, 

thymine, uracil or a modification thereof; 

Hp is OH, t-butyldimethylsilyloxy or a. phosphoramidite? 

and 

S 8 is OH, a protecting group or t-butyldimethylsilyloxy. 

24. A compound of the formula; 
S« X n COT CGA CCA CCS CAT X B (A) 3*; 

where X is tetraethyleneglycol? and 
n is i or 2. 
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FIGURE 1 



PAGE 1031109* RCVD AT 811112004 11:56:24 AM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/3 * DNiS:S729306 * CSUD :+2 1 55683439 * DURATION (mm^s):25-34 




PAGE 1 04/109 * RCVD AT 8(1 112004 11:56:24 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 ' DNIS:8729306 * CSID:+2155683439 ' DURATION (mm-ss):25-34 



Aug-1 1-04 12:1 9 pm F r om-Woodcock , Washbu rn 



+2155683439 



T-183 P. 105/109 F-335 




PAGE 1051109 ' RCVDAT 811112004 11:56:24 AM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-1/3 * DNIS:8729306 " CSID:+2155683439 * DURATION (mm-ss):2544 




HGURF 4 



PAGE 106/109 * RCVD AT 811112004 11:56:24 AM [Eastern Daylight Time] " SVR:USPTO-EFXRF-1J3 ' DN!S:8729306 * CSID:+2155683439 * DURATION (mm-ss):25-34 



+2155683439 



T-183 P. 107/108 F-335 




FIGURE 5 
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FIGURE 6 
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